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Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM 
THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). in no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 

- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely. 

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 1 33). 

- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IEI Responsive to communication(s) filed on 05 December 2002 . 
2a)lEl This action is FINAL. 2b)D This action is non-final. 

3) D Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 CD. 11, 453 O.G. 213. 
Disposition of Claims 

4) [X] Claim(s) 1-10 is/are pending in the application. 

4a) Of the above claim(s) 7J? is/are withdrawn from consideration. 

5) D Claim(s) is/are allowed. 

6) [X] Claim(s) 1-6 and 10 is/are rejected. 

7) D Claim(s) is/are objected to. 

8) D Ciaim(s) are subject to restriction and/or election requirement. 

Application Papers 

9) D The specification is objected to by the Examiner. 

10) D The drawing(s) filed on is/are: a)D accepted or b)D objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1 .85(a). 

1 1) D The proposed drawing correction filed on is: a)D approved b)D disapproved by the Examiner. 

If approved, corrected drawings are required in reply to this Office action. 

12) D The oath or declaration is objected to by the Examiner. 
Priority under 35 U.S.C. §§119 and 120 

1 3) D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 1 19(a)-(d) or (f). 

a)DAII b)D Some * c)D None of: 

1 .□ Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. . 

3. D Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 
* See the attached detailed Office action for a list of the certified copies not received. 

14) [X] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 1 1 9(e) (to a provisional application). 

a) □ The translation of the foreign language provisional application has been received. 

15) 13 Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121. 
Attachment(s) 

1) [X] Notice of References Cited (PTO-892) 4) □ Interview Summary (PTO-413) Paper No(s). . 

2) □ Notice of Draftsperson's Patent Drawing Review (PTO-948) 5) □ Notice of Informal Patent Application (PTO-152) 

3) □ Information Disclosure Statement(s) (PTO-1449) Paper No(s) . 6) □ Other: 
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DETAILED ACTION 

1 . This action is written in response to applicant's correspondence submitted 12/5/02, paper 
number 18. Claims 1 and 2 have been amended and claims 3-10 have been added. Claims 1-10 
are pending, and are subject to restriction as set forth herein. Applicant's amendments and 
arguments have been thoroughly reviewed, but are not persuasive for the reasons that follow. 
Any rejections not reiterated in this action have been withdrawn. The text of those sections of 
Title 35, U.S. Code not included in this action can be found in a prior Office action. This action 
is FINAL. 

Priority 

2. Applicant's amendment to the first line of the specification indicating a claim to priority 
to parent application 09/239796 is noted. In light of this amendment, and in light of the 
amendments to the claims, new grounds of rejection are set forth herein. 

Sequence Rules 

3. The application is in compliance with the sequence rules. 

Election/Restrictions 

4. Restriction to one of the following inventions is required under 35 U.S.C. 121 : 

I. Claims 1 -6 and 1 0, drawn to methods for screening pigs to determine those more 
likely to produce larger litters, classified in class 435, subclass 6. 

II. Claims 7-9, drawn to kits comprising reagents which identify a genetic 
polymorphism, classified in class 536, subclass 24.3. 
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The inventions are distinct, each from the other because of the following reasons: 

5. Inventions I and II are related as product and process of use. The inventions can be 
shown to be distinct if either or both of the following can be shown: (1) the process for using the 
product as claimed can be practiced with another materially different product or (2) the product 
as claimed can be used in a materially different process of using that product (MPEP 

§ 806.05(h)). In the instant case the kits of invention II can be used in a variety of methods 
including nucleic acid amplification, the study of other aspects of porcine reproducti ve 
physiology, aptamer methods, and nucleic acid purification methods. 

6. Because these inventions are distinct for the reasons given above and have acquired a 
separate status in the art as demonstrated by their different classification and recognized 
divergent subject matter and because inventions I-II require different searches that are not 
coextensive, examination of these claims would pose a serious burden on the examiner and 
therefore restriction for examination purposes as indicated is proper. 

7. Newly submitted claims 7-9 are directed to an invention that is independent or distinct 
from the invention originally claimed for the stated reasons. 

Since applicant has received an action on the merits for the originally presented 
invention, this invention has been constructively elected by original presentation for prosecution 
on the merits. Accordingly, claims 7-9 are withdrawn from consideration as being directed to a 
non-elected invention. See 37 CFR 1.142(b) and MPEP § 821.03. 

Claim Rejections - 35 USC § 112 

8. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 
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The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

9. Claims 1-6 and 10 are rejected under 35 U.S.C. 1 12, second paragraph, as being 
indefinite for failing to particularly point out and distinctly claim the subject matter which 
applicant regards as the invention. 

Claims 1-2 are indefinite over the recitation "at least one marker linked to the FSH p- 
subunit allele(s) of SEQ ID NO: 1" because it is not clear what applicant intends to be referring 
to as an allele of SEQ ID NO: 1. The specification disclosed that SEQ ID NO: 1 is a retroposon 
whose presence within the gene encoding FSH p-subunit in a pig is an associated with smaller 
litter size. Thus, one allele of the FSH p-subunit gene is when SEQ ID NO: 1 is present and one 
alleles of the FSH P-subunit gene is when SEQ ID NO: 1 is absent. It is not clear what applicant 
intends when referring to alleles of SEQ ID NO: 1 itself, because this language appears to refer 
to variability within SEQ ID NO: 1, but in light of the specification, it is not clear that applicant 
has ever contemplated such variability. Thus, the claims are indefinite because the phrase "the 
FSH p-subunit allele(s) of SEQ ID NO: 1" lacks proper antecedent basis in the claims and the 
specification because neither previously refer to alleles of SEQ ID NO: 1. 

Claim 10 is indefinite because it depends from non-elected claim 9, and thus the metes 
and bounds of claim 10 are unclear because the claim is effectively incomplete. 

Claim Rejections - 35 USC § 112 

10. Claims 1-6 and 10 are rejected under 35 U.S.C. 1 12, first paragraph, because the 
specification, while being enabling for methods of screening to detect the specific insertion of a 
retroposin comprising SEQ ID NO: 1 in the FSH P-subunit gene, does not reasonably provide 
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enablement for detection of any additional alleles of the FSH p-subunit. Furthermore, the 
specification and prior art, while being enabling for the detection of the ESR gene and the OPN 
gene as genes that are associated with pig litter size do not provide enablement for the detection 
of additional genes associated with pig litter size. The specification does not enable any person 
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use 
the invention commensurate in scope with these claims. 

The following factors have been considered in formulating this rejection (In re Wands, 
858F.2d 731, 8 USPQ2d 1400 (Fed. Cir. 1988): the breadth of the claims, the predictability or 
unpredictability of the art, the amount of direction or guidance presented, the presence or 
absence of working examples of the invention and the quantity of experimentation necessary. 

The invention relates to methods for screening pigs to determine those more likely to 
produce larger litters and/or those less likely to produce larger litters. The method steps of 
claims 1 and 2 require determining the presence of at least one marker linked to the FSH (3- 
subunit allele(s) of SEQ ID NO: 1. Thus, the scope of claims 1 and 2 includes using any marker 
linked to instant SEQ ID NO: 1 as an indicator that a pig is more or less likely to produce a 
larger litter. The method steps of claims 3-6 and 10 require determining the presence of at least 
one FSH p-subunit allele associated with pig litter size, and the determining the presence of one 
other gene associated with pig litter size. Claims 5 and 6 limit the scope of the "other gene" to 
the ESR gene or the OPN gene. The scope of claims 3-6 and 10 includes using any marker 
within the FSH p-subunit gene as an indicator that a pig is more or less likely to produce a larger 
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litter, and further, claims 3-4 and 10 encompass the detection of any possible second gene that is 
associated with pig litter size. 

The specification contains a single working example, demonstrating that a specific 
inserted retroposon allele is linked was linked to litter size. Namely, the specification 
demonstrates that when SEQ ID NO: 1 is present in the FSH p-subunit gene of a female pig, that 
pig is more likely to produce a smaller litter than when SEQ ID NO: 1 is absent in the FSH p- 
subunit gene of the pig (See Examples 1 and 2). The specification further speculates that it is 
also possible to establish linkage between specific alleles of "alternative DNA markers" and the 
FSH p-subunit allele disclosed in the instant specification. There is not specific teaching in the 
specification regarding these alternative markers, besides the speculation that they may exist. 

With regard to the "other genes" recited in claims 3-6 and 10, the specification teaches 
that the prior art provides disclosure that the OPN and ESR genes have previously been shown to 
be associated with pig litter size. The specification does not disclose or suggest any additional 
genes that might be associated with pig litter size. 

The prior art includes the disclosure of an eleven base pair deletion from the FSH P- 
subunit which is present only in Chinese Meishan pigs (Li et al Biology of Reproduction, 
August 1997, Volume 56, Supp. p. 119, abstract #148). (Meishan pigs are known for their 
prolificacy.) The prior art also discloses one other RFLP which is the result of a point mutation, 
but no association between this mutation and pig litter size (Rohrer et al Mammalian Genome, 
5, 315-317 (1994)). Thus, the prior art includes the teaching of two other possible genetic 
variants in the FSH p-subunit, but there is not other teaching of FSH p-subunit variants in the 
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prior art, nor is there clear evidence that any polymorphism found within the FSH p-subunit gene 
or any other "linked" gene would necessarily be linked to increased litter size. With regard to 
the "other" gene recited in claims 3-6 and 10, teaches a single polymorphism present in the OPN 
gene that is associated with pig litter size (WO 96/41892) and a single polymorphism present in 
the ESR gene that is associated with pig litter size (WO 92/18651). 

In order to practice the claimed method commensurate with its full scope, a practitioner 
would be required to identify additional polymorphisms within and linked to the FSH P-subunit 
gene that are predictive of litter size in pigs. Further, a practitioner would be required to identify 
additional genes that are associated with pig litter size. The art is highly unpredictable with 
regard to the presence and functionality of polymorphic sites in genomic DNA. The amount of 
direction or guidance presented in the specification and the prior art of only three different FSH 
P-subunit polymorphisms compared to any pig FSH P-subunit polymorphic sequence is minimal, 
given that just the redundancy of the genetic code of the approximately 100 amino acid protein 
would allow for several thousand different sequences while when conserved or non-conserved 
mutations are considered, millions of different sequences for the pig FSH p-subunit may exist 
which may, or may not, have substantial functional differences. Furthermore, claims 1 and 2 
encompass the use of markers that are not even within the FSH P-subunit gene, as to the 
remaining claims which require the detection of an additional gene associated with pig litter size. 
There are no working examples of additional sequences other than those disclosed in either the 
specification or the prior art. The post-filing date art of Linville et al exemplify the 
unpredictability in this area of technology. Linville et al. attempted to demonstrate a correlation 
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between a alleles in five different candidate genes and pig litter size, but were unable to do so 
(see abstract and results). Notably, one of these alleles was a restriction allele in allele of the 
FSH P-subunit gene (see Table 1). Linville et al. note that a previous study had demonstrated an 
association between an allele within the FSH p-subunit gene and pig litter size, teach that the 
polymorphism they studied may be in less linkage disequilibrium with the causative mutation. 
Thus, even within the FSH P-subunit gene, it is highly unpredictable as to whether or not a given 
polymorphism will be associated with pig litter size. 

Although the level of skill in the art of nucleic acid analysis is high (the Ph.D. degree 
with laboratory experience), there is no predictability for which sequences exist which code for 
polymorphisms in pig FSH P-subunit genes. The quantity of experimentation that would be 
necessary to determine even one additional polymorphism in the pig FSH P-subunit gene is 
substantial. Applicants have not disclosed how one would go about detecting such 
polymorphisms that would be necessary to practice the claimed invention. Because there is no 
reason to expect that any additional polymorphism is associated with litter size and because of 
the very large number of possible polymorphisms, screening for additional polymorphisms that 
would be indicators or increased litter size would require performing and screening many, many 
successful breedings of pigs. There is no evidence, however, of any frequency of significant 
polymorphisms. Further, even in positive matches, the FSH p-subunit polymorphism may not 
correlate with litter size, as was found by Linville et al. The FSH p-subunit polymorphism may 
be coincident and unrelated with a different, unlinked (on the chromosome) polymorphism such 
as an FSH a-subunit polymorphism or a polymorphism in an undetermined gene that actually 
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regulates litter size. The FSH p-subunit polymorphism would not have any meaning or effect, 
but might appear to influence litter size due to it's close proximity to some other gene. The 
extreme unpredictability of polymorphisms in the art, combined with the absence of teaching in 
the prior and the large quantity of experimentation necessary in the art support a conclusion that 
undue experimentation is required to make and use the invention as broadly claimed. 

1 1 . The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

Claims 1-6 and 10 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject 
matter which was not described in the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor(s), at the time the application was filed, had 
possession of the claimed invention. 

The invention relates to methods for screening pigs to determine those more likely to 
produce larger litters and/or those less likely to produce larger litters. The method steps of 
claims 1 and 2 require determining the presence of at least one marker linked to the FSH P- 
subunit allele(s) of SEQ ID NO: 1. Thus, the scope of claims 1 and 2 includes using any marker 
linked to instant SEQ ID NO: 1 as an indicator that a pig is more or less likely to produce a 
larger litter. The method steps of claims 3-6 and 10 require determining the presence of at least 
one FSH p-subunit allele associated with pig litter size, and the determining the presence of one 
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other gene associated with pig litter size. Claims 5 and 6 limit the scope of the "other gene" to 
the ESR gene or the OPN gene. The scope of claims 3-6 and 10 includes using any marker 
within the FSH P-subunit gene as an indicator that a pig is more or less likely to produce a larger 
litter, and further, claims 3-4 and 10 encompass the detection of any possible second gene that is 
associated with pig litter size. 

The specification contains a single working example, demonstrating that a specific 
inserted retroposon allele is linked was linked to litter size. Namely, the specification 
demonstrates that when SEQ ID NO: 1 is present in the FSH p-subunit gene of a female pig, that 
pig is more likely to produce a smaller litter than when SEQ ID NO: 1 is absent in the FSH P- 
subunit gene of the pig (See Examples 1 and 2). The specification further speculates that it is 
also possible to establish linkage between specific alleles of "alternative DNA markers" and the 
FSH p-subunit allele disclosed in the instant specification. There is not specific teaching in the 
specification regarding these alternative markers, besides the speculation that they may exist. 
Thus, the genus of polymorphisms required to practice the claimed inventions includes any 
possible additional polymorphisms within the FSH P-subunit gene that is associated with pig 
litter size or linked to the disclosed polymorphism, or and additional "other" gene associated 
with pig litter size Thus, applicant has express possession of only one species in a genus which 
comprises at least hundreds of different possibilities. 

With regard to the written description, all of these claims encompass the use of different 
polymorphisms from those disclosed in the specification. 
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It is noted that in Fiers v. Sugano (25 USPQ2d, 1601), the Fed. Cir. concluded that 

"...if inventor is unable to envision detailed chemical structure of DNA sequence coding 
for specific protein, as well as method of obtaining it, then conception is not achieved 
until reduction to practice has occurred, that is, until after gene has been 
isolated... conception of any chemical substance, requires definition of that substance 
other than by its functional utility." 

In the instant application, only the specific structure of a single polymorphism has been 
disclosed. Also, in Vas-Cath Inc. v. Mahurkar (19 USPQ2d 1111, CAFC 1991), it was 
concluded that: 

"...applicant must also convey, with reasonable clarity to those skilled in art, that 
applicant, as of filing date sought, was in possession of invention, with invention being, 
for purposes of "written description" inquiry, whatever is presently claimed." 

In the application at the time of filing, there is no record or description which would 

demonstrate conception of methods which utilize any polymorphism other than the single 

retroposon described in the specification. 

Double Patenting 

12. The nonstatutory double patenting rejection is based on a judicially created doctrine 
grounded in public policy (a policy reflected in the statute) so as to prevent the unjustified or 
improper timewise extension of the "right to exclude" granted by a patent and to prevent possible 
harassment by multiple assignees. See In re Goodman, 1 1 F.3d 1046, 29 USPQ2d 2010 (Fed. 
Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum, 686 
F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619 (CCPA 
1970);and, In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969). 

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) may be used to 
overcome an actual or provisional rejection based on a nonstatutory double patenting ground 
provided the conflicting application or patent is shown to be commonly owned with this 
application. See 37 CFR 1.130(b). 

Effective January 1, 1994, a registered attorney or agent of record may sign a terminal 
disclaimer. A terminal disclaimer signed by the assignee must fully comply with 37 
CFR 3.73(b). 
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13. Claims 1-6 and 10 are rejected under the judicially created doctrine of obviousness-type 
double patenting as being unpatentable over claims 1-3 of U.S. Patent No. 6291 174. Although 
the conflicting claims are not identical, they are not patentably distinct from each other because 
the claims of the '174 patent are a species of claims 1-2 and thus anticipate the claim. With 
regard to claims 3-6 and 10, these claims differ from the claims of the ' 174 patent because they 
recite the examination of an additional gene. However, the c 174 patent discloses this as a 
preferred embodiment within the portion of the specification that supports claims 1-3 of the 6 174 
patent. Therefore, it would have been prima facie obvious in view of the 6 1 74 patent to examine 
an additional gene because this is a preferred embodiment within the patent. 

Response to Remarks 

The rejections have all been modified in light of applicant's amendments. Applicant's 
remarks are addressed insofar as they are relevant to the pending claims. 

Applicants assert in the last paragraph of page 7 that ample evidence exists in the 
specification as filed to demonstrate that applicants were in possession of the claimed invention. 
Applicants point to page 3 of the specification to support the assertion that they were in 
possession of additional markers of litter size that would be linked to instant SEQ ID NO: 1. 
However, this prophetic statement does not indicate possession of the additional markers 
necessary to practice the claimed invention. While it is noted that applicants are not claiming a 
specific DNA sequence, the knowledge of these specific DNA markers is necessary for the 
practice of the claimed invention. Applicant refers to the post filing date art of Slatkin et al for a 
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general statement that markers in strong linkage disequalibirum with a disease phenotype are 

likely to be linked to the causative locus. However, this is not a statement that the actual markers 

are known by applicant or in applicant's possession. That such additional markers even exist 

within or near the FSH P-subunit gene is unknown at the time of filing. When Linville et ah 

were unable to detect associations between genes and litter size in particular, they stated 

"One possible reason for the lack of effect in the current study, by genes that had positive 
effects on litter size in other studies, is that different linkage disequilibrium existed in the 
populations. The polymorphisms in the genes studied may not directly affect the trait. 
These polymorphisms could be markers linked with the causative mutation within the 
gene or a closely linked gene (p. 66)." 

Again, however, these linked markers are unknown and unpredictable. The postulation that 

additional markers exist does not demonstrate possession of the markers or provide description 

of them for use in the claimed methods. 

With regard to the written description rejection, applicant further argues that once a 

polymorphism is found it would be routine to associate it with the trait. This is not persuasive 

for the written description rejection because it does not address the issue at hand, which is that 

the additional polymorphisms associated with the trait are undisclosed entirely. Further, court 

has made it clear that with regard to chemical compounds, the standard for written description is 

possession, not enablement or intent to claim. "While we have no doubt a person so motivated 

would be enabled by the specification to make it, this is beside the point for the question is not 

whether he would be so enabled but whether the specification discloses the compound to him, 

specifically, as something appellants actually invented. We think it does not." In Re Ruschig , 

379 F.2d 990, 995, 154 U.S.P.Q. 118, 123 (CCPA 1967). Furthermore, the court stated 
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"Accordingly, naming a type of material generally known to exist, in the absence of knowledge 
as to what that material consists of, is not a description of that material." The Regents of the 
University of California v. Eli Lilly & Co.. 43 U.S.P.Q.2d 1406 (Federal Circuit 1997). In the 
instant case, although applicant has provided a general function (association with litter size) this 
are not sufficient to convey possession of the entire possible group of methods for identifying 
pigs that are encompassed by the instant claims. 

Conclusion 

14. No claims are allowed. 

15. Applicant's amendment necessitated the new ground(s) of rejection presented in this 
Office action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). 
Applicant is reminded of the extension of time policy as set forth in 37 CFR 1 . 1 36(a). 

A shortened statutory period for reply to this final action is set to expire THREE 
MONTHS from the mailing date of this action. In the event a first reply is filed within TWO 
MONTHS of the mailing date of this final action and the advisory action is not mailed until after 
the end of the THREE-MONTH shortened statutory period, then the shortened statutory period 
will expire on the date the advisory action is mailed, and any extension fee pursuant to 37 
CFR 1.136(a) will be calculated from the mailing date of the advisory action. In no event, 
however, will the statutory period for reply expire later than SIX MONTHS from the date of this 
final action. 



Application/Control Number: 09/855,682 
Art Unit: 1634 



Page 15 



16. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Juliet C Einsmann whose telephone number is (703) 306-5824. 
The examiner can normally be reached on Monday through Thursday, 7:00 AM to 4:30 PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Juliet C. Einsmann can be reached on (703) 308-1 152. The fax phone numbers for 
the organization where this application or proceeding is assigned are (703) 308-4242 and 
(703) 305-3014. 

Any inquiry of a general nature or relating to the status of thi s application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-0196. 



Juliet C Einsmann 

Examiner 

Art Unit 1634 



February 22, 2003 
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Candidate gene analysis for loci affecting litter size 
and ovulation rate in swine 1 ' 2 ' 3 ^ 
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^Department of Animal Science, University of Nebraska, Lincoln 68583-0908 and 
tDepartment of Animal Science, Iowa State University, Ames 50011-3150 



ABSTRACT: A candidate gene approach was used to 
determine whether specific loci explain responses in 
ovulation rate (OR) and number of fully formed (FF), 
live (NBA), stillborn, and mummified pigs at birth ob- 
served in two lines selected for ovulation rate and litter 
size compared with a randomly selected control line. 
Line IOL was selected for an index of OR and embryonic 
survival for eight generations, followed by eight genera- 
tions of two-stage selection for OR and litter size. Line 
C was selected at random for 16 generations. Line COL, 
derived from line C at Generation 8, underwent eight 
generations of two-stage selection. Lines IOL and C 
differed in mean EBV by 6.1 ova and 4.7 FF, whereas 
lines COL and C differed by 2.2 ova and 2.9 FF. Pigs 
of Generation 7 of two -stage selection lines were geno- 
typed for the retinol binding protein 4 (RBP4, n = 190) 
and epidermal growth factor (EGF, n = 189) loci, 
whereas pigs of Generations 7 and 8 were genotyped for 



the estrogen receptor (ESR, n = 523), prolactin receptor 
(PRLR, n = 524), follicle-stimulating hormone 0 (FSH,3, 
n = 520), and prostaglandin-endoperoxide synthase 2 
{PTGS2, n = 523) loci. Based on chi-square analysis for 
homogeneity of genotypic frequencies, distributions for 
PRLR y FSH3, and PTGS2 were different among lines 
(P < 0.005). Differences in gene frequencies between 
IOL vs C and COL vs C were 0.33 ± 0.25 and 0.16 ± 
0.26 for PRLR, 0.35 ± 0.20 and 0.15 ± 0.24 for FSHfr 
and 0.16 ± 0.16 and 0.08 ± 0.18 for PTGS2. Although 
these differences are consistent with a model of selec- 
tion acting on these loci, estimates of additive and domi- 
nance effects at these loci did not differ from zero (P > 
0,05), and several of them had signs inconsistent with 
the changes in allele frequencies. We were not able to 
find significant associations between the polymorphic 
markers and phenotypes studied; however, we cannot 
rule out that other genetic variation within these candi- 
date genes has an effect on the traits studied. 
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Introduction 

Reproductive rate, especially litter size, is one of the 
most economically important traits in pig production. 
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Increasing the number of pigs weaned per sow will 
increase economic returns for pig producers with mini- 
mal additional inputs (Rothschild, 1996). 

Currently, litter size varies from approximately 2 to 
20 pigs per litter, with means from 9 to 11, depending 
on the breed. Phenotypic standard deviations are be- 
tween 2.5 and 3 pigs, and heritability is 10 to 15% 
(Johnson et al., 1999). Therefore, sufficient genetic vari- 
ability exists to increase litter size. However, litter size 
is sex-limited and selection response could be enhanced 
by direct selection in both sexes for genes affecting 
its expression. 

Advances in molecular techniques can now be used 
to increase rate of response to selection. It has been 
proposed that candidate gene analyses be used to iden- 
tify individual genes responsible for traits of economic 
importance (Rothschild and Soller, 1997). For example, 
Short et al. (1997) found the additive effect associated 
with the B allele of the estrogen receptor (ESR) gene 
was 0.42 pigs per litter in first-parity gilts. The objective 
of this study was to determine whether certain candi- 
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date genes explain responses in ovulation rate and litter 
size in two lines that were selected either 16 or 8 total 
generations for ovulation rate, embryonic survival, and 
litter size. 

Materials and Methods 

Population. The population of pigs sampled in this 
experiment was developed at the University of Ne- 
braska Swine Research Station. Three lines that origi- 
nated from the Index (I) and Control (C) lines described 
in Johnson et al. (1999) were used. The Index and Con- 
trol lines had a common base of a Landrace/Large White 
composite population. Pigs were randomly assigned, 
within litter, to either line I or line C at Generation 0 
and then selected for increased values of an index of 
ovulation rate and embryonic survival (Line I) or ran- 
domly (Line C). At Generation 8 of index selection, the 
lines reported on here and designated as IOL and COL 
were formed from line I and line C, respectively. Eight 
generations of two- stage selection in lines IOL and CUL 
were practiced. Stage-one selection included all gilts 
from 50% of litters with the greatest number of fully 
formed pigs at birth. Stage-two selection included the 
50% of these gilts with the greatest ovulation rate, mea- 
sured by counting the number of corpora lutea via lapor- 
atomy at second estrus. Line C continued to be ran- 
domly selected. 

At Generation 0 of two-stage selection, line I, and 
thus line IOL, differed from line C by 4.22 ova and 1.94 
pigs (Ruiz-Flores et al., 1999). After eight generations 
of two-stage selection, lines IOL and C differed in mean 
estimated breeding value by 6.1 ova and 4.7 fully 
formed pigs, whereas lines COL and C differed by 2.24 
ova and 2.9 fully formed pigs. The Inbreeding coeffi- 
cients were 0.191, 0.141, and 0.137 for lines IOL, COL, 
and C, respectively, at Generation 8. 

Measurement of Traits. Animal management and pro- 
cedures to record traits are described in Johnson et al. 
(1999) and in Ruiz-Flores et al. (1999). All data are for 
first-parity females. Gilts were observed for estrus and 
date of final estrus was recorded. Laparotomy was per- 
formed between 8 and 14 d after gilts expressed their 
second estrus. Selected gilts were mated at their third 
or fourth estrus and numbers of fully formed, live, still- 
born, and mummified pigs at birth were recorded. Data 
for this experiment are from pigs of Generations 7 and 
8 of two-stage selection. Ovulation rate in 382 gilts and 
litter size data in 244 gilts were recorded. 

DNA Preparation. Ear tissue of pigs in Generations 
7 and 8 was collected. In Generation 7, only the selected 
gilts and boars that were mated were sampled (n = 192). 
In Generation 8, tissue was collected from all gilts in 
which laporatomy was performed and in all breeding 
boars (n = 332). Genomic DNA was purified by standard 
procedures using proteinase K digestion followed by 
phenol/chloroform extraction and precipitation with 
isopropanol. 



Candidate Genes. Pigs were genotyped for six candi- 
date genes (Table 1 ) chosen based on known physiologi- 
cal mechanisms or because the gene was found to be 
associated with litter size in other studies. Information 
for PCR-based genotyping for all gene markers is in 
Tables 1 and 2. 

Primers and reaction conditions for estrogen receptor 
(MSR) were those described in Short et al. (1997). The 
pig specific primers and reaction conditions for epider- 
mal growth factor (EGF) are described in Mendez et 
al. (1999). Amplification of EGF with the pig specific 
primers sometimes yielded ambiguous genotypes be- 
cause the A allele in the hetero zygote amplified ineffi- 
ciently. A second primer pair was used to amplify only 
the A allele (EGF L1F, Table 1 ) to differentiate between 
the AB and BB genotypes. The same reaction conditions 
were used for both primer pairs. 

Primers for the beta subunit of follicle-stimulating 
hormone 3 (FSH/3) were developed from pig sequence 
data (Genbank accession no. D00621). Primers for pro- 
lactin receptor (PRLR) were developed by M. F. Roth- 
schild (unpublished data). The AB and BB genotypes 
for PRLR were distinguishable by the intensity of the 
127-bp band (Table 1), which was much darker in the 
AB genotype. A monomorphic band of size 35 bp comi- 
grated with the 35-bp digestion product in the B allele. 

Reaction conditions and primer sequences for prosta- 
glandin-endoperoxide synthase 2 (PTGS2) are de- 
scribed in Gladney et al. (1999). Primers for retinoL 
binding protein 4 (RBP4) were developed by Rothschild 
et al. (2000) and reaction conditions are in Messer et 
al. (1996b). 

Statistical Analysis. Allele frequencies were deter- 
mined by the total count of an allele in a line divided 
by twice the number of observations in that line. A chi- 
square analysis for homogeneity of genotypic frequen- 
cies across lines was conducted in a 3 x 3 contingency 
table (Weir, 1996). The null hypothesis was that geno- 
typic frequencies across lines were homogeneous. If a 
significant chi-square was obtained from Generation 7 
data, then pigs of Generation 8 were aiso genotyped for 
that locus. The genotypes determined for Generation 7 
animals were for the boars and gilts selected as parents 
of Generation 8. Thus, if genotypic frequencies among 
lines did not differ for parents, then differences among 
their progeny were not expected. Generation 8 progeny 
were genotyped to increase sample size if genotypic 
frequencies differed among Generation 7 parents. 

Changes in allele frequencies between lines IOL and 
C and between COL and C were determined by subtrac- 
tion. A standard error for the difference in gene fre- 
quency was determined by a method described in Olli- 
vier et al. (1997) that accounted for genetic drift. The 
formula was: V (p gs - p gc ) = q^ c p gc ( l/[2n gc ] + F gc ) + q gs p gs (l/ 
[2n gs ] + Fg S ), where p and q are estimates of gene fre- 
quencies, the subscript g represents the seventh or 
eighth generation, the subscripts c and s code for either 
the control line or a selection line, respectively, F is 
the inbreeding coefficient in Generation g, and n is the 
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Table 1. Primer sequences, restriction en2ymes, allele sizes, and chromosomal locations of candidate genes 



Allele size, bp 



Candidate gene 


Primer sequence 


Enzyme 


A allele 


B allele 


Uncut 


Chromosome 


Estrogen receptor 


ESRF 5' CCT GTT TTT ACA GTG ACT TTT ACA GAG 3' 


Pvul\ 


55 


65 


120 


1 




ESRR 5' CAC TTC GAG GGT CAG TCC AAT TAG 3' 












Epidermal growth 


Pig EGF F 5' GAA ACA ATT CCC GTG TTC TCT 3' 


none 


1,527 


625 


1,527 


8 


factor 


Pig EGF R 5' TCA CTT CCA CAC CTG TAA CAT CT 3' 








or 625 






EGF LI F 5' TGA TCC CGT AGA AAG GTA AA 3' 


none 


600 




600 






EGF hi R 5' GGC ATC TAT CTG GAC AAA G 3' 












Retinol binding 


RBP4 F 5' GAG CAA GAT GGA ATG GGT T 3' 


Msp I 


190 


109 


480 


14 


protein 4 


RBP4 R 5' CTC GGT GTC TGT AAA GGT G 3' 




154 


136 












136 


125 






Prostagiandin- 


COX2-3F 5' GTG CAC TAC ATA CTT ACC CAC TTC 3' 


Msel 


360* 


240 s 


1,550 


9 


endoperoxide 


COX2-4R 5' AGG CTT CCC AGC TTT T(A/G)TA 3' 






120 






synthase 2 














Follicle stimulating 


FSHR2*H 5' GTA TAC CAG GTC CTA AG 3' 


aTaql 


1,650 


975 


1,650 


2 


hormone 


FSH F2-RL 5' GTC TCG TAC ACC AGC TCC TT 3' 






675 






Prolactin receptor 


PRLR4 5' CGG CCG CAG AAT CCT GCT GC 3' 


Alul 


127 d 


92 a 


170 


16 




PRLR5 5' ACC CCA CCT TGT AAC CCA TCA TCC 3' 






35 







a Monomorphic bands were also present. 



number of animals with genotypic data per line. The 
line designated by s was either IOL or COL depending 
on the standard error being calculated (IOL-C or 
COL-C). 

Data were analyzed using the MTDFREML program 
(Boldman et al., 1993) with an animal model including 
pedigree relationships back to the base generation of 
the population, year, and line as fixed effects. In one 
model, a covariate of the number of favorable alleles in 
the genotype for each gene (0, 1, or 2) was added to 
estimate the effects of allele substitution, and in a sepa- 
rate model, the effects of each genotype were estimated 
by fitting a fixed class variable with values of 0, 1, or 
2 for the number of favorable alleles in the genotype. 
Only phenotypic data for Generations 7 and 8 were 
analyzed because genotypic data were available only 
for these generations. Therefore, line was included in 
the model to account for previous selection effects. 

The genotypes of all six markers were fitted simulta- 
neously. The favorable allele was defined as the one 
with increased frequency in the selection lines com- 
pared to the control line. Additive (a) and dominance 
(d) effects, as denned by Falconer and Mackay (1996), 
were estimated with orthogonal contrasts of solutions 



for genotypic effects. The mixed-model analysis was 
expected to produce unbiased estimates of a and d ef- 
fects of the loci studied, averaged within line, indepen- 
dent of other polygenic effects on the traits (Kennedy 
et al., 1992). 

The a and d effects of each allele also were estimated 
with PROC GLM of SAS (SAS Inst., Inc., Cary, NC) to 
determine whether solutions differed without correc- 
tion for the effects of the other candidate genes and 
without correction for breeding values due to genes not 
included in the model. These analyses were performed 
fitting effects of each gene independently. The model 
included fixed effects of year and line and the appro- 
priate genotypic classes as fixed effects. 

Results 

Allele frequencies are presented in Table 3. As ex- 
pected for Type I markers, only two alleles for each 
marker existed. Both alleles for each marker were pres- 
ent in all three lines, although sometimes at low fre- 
quency, except for the B allele of ESR, which did not 
exist in the sample of animals of the COL and C lines. 
The A allele was designated as favorable for PTGS2 



Table 2. PCR reaction conditions for the candidate genes a 





dNTP, 


Primer, 


MgCl 2 


Taq 


Reaction 


Genomic 


Candidate gene 


pM each 


nM each 


mM 


units 


volume, 


DNA, ng 


Estrogen receptor 


200 


200 


1.5 


1.15 


30 


50 


Epidermal growth factor 


100 


300 


2 


1.15 


30 


50 


Retinol binding protein 4 


100 


320 


1.5 


1 


20 


50 


Prostaglandin-endoperoxide synthase 2 


200 


250 


1.5 


0.5 


10 


50 


Follicle-stimulating hormone -3 


100 


200 


1.5 


1 


20 


50 


Prolactin receptor 


100 


200 


1.5 


1 


20 


50 



a All reactions used lx concentration of the supplied PCR buffer and lx RediLoad (Research Genetics, Huntsvilie, AL). 
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Table 3. Allele frequencies overall and within lines IOL, COL, and C a 



Candidate gene 


Allele 


Overall 


IOL 


COL 


C 


Estrogen receptor 


A 

A 




n oa 

V.V*i 


i 


1 


{ESR t n ^ 520) 


B 


0.02 


0.06 


0 


0 


Epidermal growth factor 


A 


0.08 


0.06 


0.1 


0.1 


(EGF f n - 190) 


B 


0.92 


0.94 


0.9 


0.9 


Retinol binding protein 4 


A 


0.45 


0.46 


0.47 


0.42 


(RBP4, n = 190) 


B 


0.54 


0.54 


0.53 


0.58 


Pros tag la ndi n-endope roxide syn thase 2 


A 


0.91 


0.98 


0.9 


0.82 


(PTGS2, n = 523) 


B 


0.09 


0.02 


0.1 


0.18 


FollicLe'Stimulating hormone 


A 


0.2 


0.03 


0.23 


0.38 


(FSIJ3, n = 520) 


B 


0.8 


0.97 


0.77 


0.62 


Prolactin receptor 


A 


0.33 


0.19 


0.36 


0.42 


(PRLR, n - 524) 


B 


0.67 


0.81 


0.64 


0.58 



"Lines IOL, COL and C are from the Nebraska selection lines. IOL was selected eight generations for 
index of ovulation rate and embryo survival, followed by eight generations of two-stage selection for ovulation 
rate and litter size. COL was selected at random for eight generations, followed by eight generations of 
two-stage selection. Line C was randomly selected for 16 generations. 



and RBP4, whereas B was designated as favorable for 
ESR, FSHfj, EGF, and PRLR. There was an approxi- 
mate linear increase in frequency of the favorable allele 
for FSHfr PTGS2, and PRLR, genes for which the fre- 
quency of the favorable allele in line COL was interme- 
diate to frequencies in lines C and IOL (Table 3). 

Chi-square statistics for homogeneity of genotypic 
frequencies (Table 4) for FSHd, PTGS2, PRLR, and 
ESR were significant. It is likely that the chi-square 
statistic for ESR is significant because there were sev- 
eral zeros in the observational cells of the contingency 
table. Small values (less than 5) in individual cells of 
the contingency table inflate the chi-square value (Weir, 
1996). Thus, the chi-square test for the ESR locus is 
not accurate and we cannot conclude that genotypic 
frequencies differ across lines. 

Changes in allele frequencies are presented in Table 
5. After accounting for potential genetic drift, none of 
the differences in allele frequencies between selection 
lines and line C was significantly different from zero. 

None of the estimates of the effects of allele substitu- 
tion differed significantly from zero. These results are 
not presented because they can be calculated with for- 
mulas found in Falconer and Mackay (1996) using esti- 
mates of gene frequencies (Table 3) and a and d effects 
(Table 6). 

Estimates of the additive and dominance effects of 
alleles calculated with an animal model are in Table 6. 
Only the estimate of dominance effect of PTGS2 on 
number of mummies differed from zero. Estimates of a 
and d effects calculated without an animal model (not 
shown) were very similar to those in Table 6. 

Discussion 

Choice of Candidate Genes. The estrogen receptor lo- 
cus was chosen because results from Rothschild et al. 
(1996) and Short et al. (1997), using data from nearly 
10,000 litters from several lines, reported that the ESR 
B allele was significantly associated with increased 



number of pigs per litter at birth. Estrogen is involved 
in maternal recognition of pregnancy (Geisert et al M 
1990). It is produced by the growing conceptus and is 



Table 4. Observed numbers of genotypes in lines IOL, 
COL, and C and chi-square tests of homogeneity 
of genotypic frequencies* 



Genotype 


IOL 


COL 


C 


^ 2 






ESR 






AA 


166 


198 


136 




AB 


22 


0 


0 




BB 


1 


0 


0 


42.5*** 






EGF 






AA 


0 


0 


0 




AB 


8 


13 


11 




BB 


58 


55 


45 


2.7 






RBP4 






AA 


8 


15 


12 




AB 


46 


35 


21 




BB 


13 


19 


21 


12.3 






PTGS2 






AA 


181 


162 


94 




AB 


8 


33 


36 




BB 


0 


2 


7 


47.2*** 






FSH;i 






AA 


0 


8 


16 




AB 


12 


73 


70 




BB 


176 


115 


50 


124.7*** 






PRLR 






AA 


4 


23 


35 




AB 


64 


97 


73 




BB 


121 


78 


29 


79.6*** 



n AA, AB, and BB are the genotypes for the markers estrogen recep- 
tor {ESR), epidermal growth factor (EOF), retinol binding protein 
(RBP4), prostaglandin endoperoxide-synthase 2 (PTGS2), follicle- 
stimulating hormone (FSH0), and prolactin receptor (PRLR). The 
expected values were calculated by dividing the total for a genotype 
by the grand total, then multiplying by the total for each line. IOL 
was selected eight generations for index followed by eight generations 
of two stage selection, COL was selected randomly for eight genera- 
tions followed by eight generations of two-stage selection, and C was 
randomly selected for 16 generations. 

***P < 0.001. 
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Table 5. Differences in allele frequencies of lines IOL and COL from C a 

SE 

SE w/o SE SE 

Candidate gene IOL-C w/drift drift COL-C w/dria w/o drift 

Estrogen receptor 0.06 0.116 0.039 0 0.116 0.039 
{ESR f ii = 520) 

Epidermal growth factor 0.04 0.156 0.035 0 0.156 0.038 
(EGF, n = 190) 

Retinol binding protein 4 0.04 0.29 0.063 0.05 0.27 0.063 
(RBP4, n = 190) 

Prostaglandin-endoperoxide 0.16 0.156 0.007 0.08 0.18 0.0005 
synthase 2 
(PTGS2, n = 523) 

Follicle-stimulating hormone 0.35 0.2 0.03 O.lo 0.24 0,035 
(FSHii, n = 520) 

Prolactin receptor 0.33 0.25 0.038 0.16 0.26 0.038 
{PRLR, n = 524) 

a IOL was selected eight generations for index of ovulation rate and embryonic survival, followed by eight 
generations of two-stage selection for ovulation rate and litter size. COL underwent two-stage selection for 

eight generations, subsequent to eight generations of random selection. Line C was randomly selected for 
16 generations. 



recognized by receptors in the uterus of the sow. Also, 
estrogen acts to induce hypertrophy and hyperplasia of 
the myometrial cells (Hafez, 1993), 

Epidermal growth factor was chosen based on its role 
in the physiology of reproduction. Epidermal growth 
factor is produced by the conceptus and in the uterus 
of the sow. In the fetus, EGF stimulates growth and 
proliferation of skin epithelia; in the neonate, EGF 
stimulates pulmonary epithelia to grow and mature 
(Hadley, 1996). 

Follicle -stimulating hormone is a heterodimer com- 
posed of alpha and beta subunits that are coded by 
two distinct genes. The beta subunit offers specificity. 
Follicle-stimulating hormone was chosen as a candidate 
gene because it functions in maturation of small and 
medium follicles into large follicles that ovulate (Wang 
and Greenwald, 1993a,b; Mannaertz et al., 1994). Also, 



in a candidate gene analysis, Li et aL (1998) found 
major effects on litter size associated with a marker 
within FSH0. 

The prolactin receptor locus was chosen as a candi- 
date gene because Vincent et al. (1998) reported that 
it was associated with litter size in three of the five 
lines of pigs they studied. Prolactin affects production 
of progesterone and relaxin from the corpora lutea, as 
determined by comparison of hypophysectomized gilts 
with and without prolactin treatment vs sham-operated 
gilts (Yangfan et aL, 1989). It was inferred in that study 
that prolactin is leuteotropic during the latter part of 
pregnancy. 

Prostaglandin-endoperoxide synthase 2, also known 
as cyclooxygenase 2 (COX2) y was chosen because it is 
the rate-limiting enzyme in the formation of prostaglan- 
dins (Lim et al., 1997). A null mutation that produced 



Table 6. Additive (a) effects of favorable 3 allele and dominance (d) effects estimated with an animal model bc 



Candidate gene 


Contrast 


OR 


SE 


FF 


SE 


NBA 


SE 


Stillborn 


SE 


^ Tummies 


SE 


ESR 


BB-AA 


a 


0.108 


1.3 


1.74 


1.6 


0.474 


1.52 


1.25 


0.761 


0.341 


0.437 






d 


2.33 


1.42 


2.72 


1.98 


1.58 


1.88 


1.13 


0.933 


0.37 


0.54 


RBP4 


AA-BB 


a 


-0.284 


0.38 


0.179 


0.457 


0.526 


0.436 


-0.346 


0.22 


-0.026 


0.124 






d 


0.315 


0.49 


0.441 


0.627 


0.313 


0.595 


0.0936 


0.298 


-0.0479 


0.17 


PTGS2 


AA-BB 


a 


0.036 


0.64 


0.589 


0.833 


0.403 


0.795 


0.184 


0.399 


0.273 


0.226 






d 


0.448 


0.71 


0.354 


0.953 


0.076 


0.909 


0.278 


0.454 


0.741* 


0.259 


FSHtf 


BB-AA 


a 


-0.04 


0,34 


0.163 


0.466 


0.12 


0.446 


0.045 


0.223 


0.246 


0.127 






d 


-0.039 


0.41 


0.979 


0,577 


0.759 


0.549 


0.222 


0.273 


0.0481 


0.157 


PRLR 


BB-AA 


a 


-0.287 


0.27 


-0.039 


0.380 


-0.007 


0.366 


-0.028 


0.184 


0.091 


0.103 






d 


-0.445 


0.32 


-0.229 


0.462 


-0.466 


0.440 


0.164 


0.219 


0.063 


0.126 



a Favorable allele was defined as the one whose frequence increased in lines IOL and COL relative to line C. The additive contrast (a) is 
the favorable genotype minus the less favorable genotype, and d = AB - 1/2CAA + BB). 

b Epidermal growth factor (EGF) could not be estimated with contrasts because only two genotypes occurred. 

Traits measured include ovulation rate (OR), number of fully formed (FF), live (NBA), stillborn, and mummified pigs. Candidate genes 
were estrogen receptor (ESR) y retinol binding protein {RBP4) t prostaglandin endoperoxide-synthase 2 {PTGS2), follicle-stimulating hormone 
(FSH3), and prolactin receptor (PRLR). 
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multiple reproductive failures in mice was described 
(Lim et aL, 1997). Oocyte maturation was not complete, 
and the first polar body was usually not extruded. Also, 
when wild-type blastocysts were implanted into the 
uteri of mutant mice, they failed to implant. 

Retinol-binding protein 4 was studied as a possible 
candidate gene affecting litter size because it is involved 
in embryonic development. Yelich et al. (1997) stated 
that most embryonic death losses occur between d 10 
and 18 of gestation, concurrent with trophoblast elonga- 
tion and secretion of estrogen by the conceptus. Retinol- 
binding protein 4, a major protein produced by the con- 
ceptus, may have a role in trophoblast elongation (Har- 
ney et aL, 1990). It also enhances gene expression of 
transforming growth factor 3 via retinoic acid receptors 
(Yelich et aL, 1997). Rothschild et al. (2000), using data 
of 2,500 litters of six commercial lines, reported an addi- 
tive effect associated with RBP4 of 0.23 pigs/litter. 

Allele Frequencies and Effects. The magnitude of the 
differences in allele frequencies between IOL and C and 
between COL and C were small (less than 0.06) for 
markers within the ESR, RBP4, and EGF loci. The 
differences in allele frequencies were greater for the 
FSH3, PRLR, and PTGS2 loci. Within these latter three 
loci, there was an approximately linear increase in fre- 
quency of the favorable allele between the lines that 
were separated by eight generations of selection (COL 
and C) and the lines separated by 16 generations of 
selection (IOL and C). 

The effects of selection, different frequencies in the 
founder animals, and random genetic drift could have 
caused allele frequencies to differ among lines. The base 
generation was sampled to minimize founder effects. 
The I and C lines were created from a common base 
population in which littermates were assigned at ran- 
dom to either the I or C line. All base generation parents 
were represented in both lines. 

Random genetic drift is a nondirectional force that 
acts to change allele frequencies. In the absence of selec- 
tion, the amount of drift depends on allele frequencies 
and effective population size. The estimated inbreeding 
coefficients at Generation 16 were used to estimate ef- 
fective population sizes (N = 38, IOL; 53, COL; and 54, 
C). For alleles with frequencies L^Lween 0.1 and 0.5, 
these values of N result in estimates from 0,029 to 0.057 
for SE of change in allele frequency within lines in any 
generation due to drift. After drift begins, it is most 
probable that an allele's frequency will continue to 
change in the same direction (Falconer and Mackay, 
1996). Thus, drift could have caused the linear increase 
in frequencies of favorable alleles at the PTGS2, FSH3, 
and PRLR loci. Knowledge of base generation allele 
frequencies is needed to calculate the probability that 
random drift alone caused the order of favorable allele 
frequencies to be C, COL, to IOL at each of these 
three loci. 

The fact that frequencies of favorable alleles at three 
loci are approximately linearly ordered according to 
number of generations of selection also fits a selection 



model. Equations from Falconer and Mackay (1996) for 
an additive model were used to determine values of the 
selection coefficient (s) against the homozygous geno- 
types for the unfavorable alleles at each of the PTGS2, 
FSHP, and PRLR loci. Assuming allele frequencies in 
the control line represent the base generation, values 
of s that would have produced observed allele frequency 
changes in line IOL are 0,13, 0.25, and 0.21 for the 
PTGS2, FSH0, and PRLR loci, respectively. However, 
even with selection, allele frequencies at these loci were 
subject to genetic drift. With selection, the amount of 
drift depends approximately on the product of effective 
population size and the selection coefficient at that locus 
(Hartl and Clark, 1989), For effective population size 
of N and selection coefficient of s against the least favor- 
able homozygous genotype, selection has little effect on 
rate ol genetic drift if Ns < 1. Thus, selection coefficients 
greater than 0.025 would have slowed the rate of in- 
crease in the frequency of an unfavorable allele in lines 
IOL and COL and would have speeded the rate of in- 
crease of a favorable allele. With drift, selection coeffi- 
cients less than these calculated values could have pro- 
duced the same changes in allele frequencies. 

The joint effects of selection and drift as forces for 
change in allele frequencies in this study cannot be 
separated. When inbreeding coefficients were incorpo- 
rated into the variances of allele frequency differences 
among lines, the estimates of standard errors were in- 
creased in the range of three to seven times (Table 
5). Changes in allele frequencies were not significant, 
although differences calculated without including drift 
variance were significant. Thus, a selection model can- 
not be ruled out as the cause of the linear increase in 
allele frequencies at the PTGS2, FSH3 t and PRLR loci 
from lines C to COL to IOL (Table 3). 

When selection lines have accumulated inbreeding of 
the levels in these lines, changes in frequency for any 
allele will not be significant, and evaluating changes 
in gene frequency by itself is not informative. However, 
allele frequency changes that are consistent with addi- 
tive and dominance effects give greater evidence that 
selection caused the changes. 

The linear regression of phenotype on genotype, fit- 
ting all marker genotypes simultaneously and using an 
animal model to account for the background genotypes 
and fixed effects of year and line, yielded no significant 
estimates of allele substitution effects. At several loci, 
including the FSHff and PRLR loci for which there were 
linear increases in allele frequencies, the estimate of 
the effect of the favorable allele was negative. This 
finding does not support a selection model operating at 
these loci. In addition, using estimates of allele fre- 
quency changes and the a and d effects, we calculated 
that only 2 to 5% of the total responses in ovulation rate 
and litter size could be explained by allele frequency 
changes at all loci studied. 

The additive and dominance effects were estimated 
both with and without an animal model. Estimates 
were nearly identical from both analyses. Only one ef- 
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feet was found to be significantly different from zero, the 
dominance effect o£PTGS2 on the number of mummies. 
Standard errors were approximately 10% greater for 
effects estimated with an animal model, consistent with 
the results of the simulation study of Kennedy et al. 
(1992). 

Finding no significant effects for any of the genes on 
any of the traits was an unexpected result, based on 
results of other studies. Messer et al. (1996a) reported 
effects associated with RBP4 to be 0.52 ± 0.45 for litter 
size in hyperprolific Large White sows in France and 
0.32 ± 0.30 for control sows; Rothschild et al. (2000) 
reported smaller effects in over 2,000 litters from across 
several populations. Retinoi binding proteins are syn- 
thesized just before elongation of the trophoblast (Ye- 
lich et al., 1997). This timing of transcription and the 
role of RBP4 in embryo uevelopment implicate it as a 
candidate gene for litter size. However, it did not seem 
to explain response to selection in our lines. 

The inconsistency across lines of the effects of an 
allele is evident from the work reported by Vincent et 
al. (1998). They reported the PRLR marker was linked 
to a significant additive effect on litter size in three of 
five PIC lines. Significant dominance effects occurred 
in two of the three lines for number born alive, but they 
were opposite in sign (d - -0.33, P < 0.1; d = 0.63, P < 
0.01). Significant additive effects also existed in the 
same two lines for total number born (P < 0.05; range 
from a = 0.16 to a = 0.51) and the dominance effect was 
also important in one line (P < 0.05, d = 0.55). In one 
line, the additive effect for number born alive was -0.33, 
whereas it was positive (0.47) in two other lines. There 
were more records in the data reported by Vincent et 
al. (1998) than in the current study. The lines with 
significant effects mentioned above had from 261 to 416 
animals per line, and some sows had multiple records, 
giving a total of 685 to 1,197 records per line. The varia- 
tion among lines in that study and the different results 
in the current study could be due to sampling. Short et 
al. (1997) stated that over 1,000 records were needed 
before a stable estimate of 0.42 pigs per litter in first- 
parity gilts of the additive effect of the B allele of the 
ESR gene occurred. 

The ESR locus did not explain respc— e to selection 
in the IOL and COL lines. The gene likely was segregat- 
ing in the base generation because both the A and B 
alleles existed in Line IOL. However, the frequency of 
the B allele, defined as the favorable allele (Short et 
al., 1997), was 0.06 after 16 generations of selection. 
The B allele was lost due to random drift in line C, 
presumably before the eighth generation when Line 
COL was formed because it did not exist in either Lines 
C or COL. 

The candidate gene analysis of Li et al. (1998), in 
which a significant difference of 2.53 pigs per litter for 
alternative homozygotes for two alleles of FSHil was 
found, used a polymorphism different from the one we 
studied. The polymorphism we studied may be in less 
linkage disequilibrium with the causative mutation. 



Cassady et al. (2000) found greater concentrations 
of circulating FSH in the lines selected for increased 
ovulation rate than in their randomly selected controls. 
However, the FSH6 gene does not seem to explain re- 
sponse to selection in Lines IOL and COL. It is im- 
portant to stress that the lack of association between 
a polymorphism within a gene and a phenotype does 
not mean that the gene product is not important in 
regulating the trait. Effects of transcriptional and(or) 
translational events at other loci may combine to regu- 
late FSH levels in these selection lines of pigs. Indeed, 
a recent QTL scan for FSH levels in pigs identified 
several chromosomal regions, independent of the FSH(i 
locus, influencing this trait (G. Rohrer, personal com- 
munication). 

One possible reason for the lack of effect in the cur- 
rent study, by genes that had positive effects on litter 
size in other studies, is that different linkage disequilib- 
rium existed in the populations. The polymorphism in 
the genes studied may not directly affect the trait. 
These polymorphisms could be markers linked with the 
causative mutation within the gene or a closely linked 
gene. Different linkage relationships may be the reason 
estimates of the effects of genes differ across popu- 
lations. 

Background effects of other genes and interactions 
of these genes with the markers can also cause esti- 
mates of gene effects to differ across populations. Little 
is known about the magnitude of epistatic variation in 
the traits studied here. But if epistasis exists, the effect 
of a particular allele depends on its frequency and the 
frequency of alleles at other loci. Because of epistasis, 
polymorphisms for one gene could have a small effect 
in one population, yet explain a significant portion of 
the variance in another population. 

Cassady (1999) found results consistent with those 
of this study. He performed a complete genome scan for 
QTL affecting reproduction traits in an F 2 population of 
the Nebraska Index and Control lines that were the 
foundation lines for those used here. He found evidence 
(P < 0.05) of a QTL on chromosome 11 affecting number 
of pigs per litter, one QTL on each of chromosomes 5 
and 13 affecting number of stillborn pigs per litter, and 
one QTL on chromosome 9 affecting ovulation rate. The 
PTGS2 locus, located on chromosome 9, is the only one 
of the candidate genes that we studied that is located 
on one of these chromosomes. However, the QTL for 
ovulation rate found by Cassady (1999) was at approxi- 
mately the 1 cM position, whereas PTGS2 has been 
mapped between markers S0295 and SO 114, which are 
at approximately positions 100 and 123 cM, respec- 
tively, on the USMARC linkage map (Gladney et al., 
1999). Thus, results of the QTL genome scan support 
the conclusion that the candidate genes studied here 
do not have large effects on ovulation rate or litter size 
in this population. 

Implications 

Six candidate genes for effects on ovulation rate and 
litter size were studied in lines separated by 8 and 16 



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



Candidate gene analysis in pigs 



67 



generations of selection. The selection lines exceeded 
the control line by 20 to 50% in ovulation rate and litter 
size at birth. None of the markers studied explained a 
significant portion of this response. Line differences in 
frequencies of alleles of these markers were observed. 
Random genetic drift likely caused these differences, 
but effects of selection cannot be ruled out. The selection 
response was likely due to small changes in the frequen- 
cies of several genes. Other studies have reported that 
the candidate genes studied affect litter size. However, 
direct selection for alleles of these genes may not in- 
crease litter size in all populations. 
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DNA MARKERS FOR PIG LITTER SIZE 

The present invention relates to methods of screening 
pigs to determine the presence or absence of osteopontin 
5 (OPN) alleles associated with increased litter size, to 

the use of such methods in predicting litter size in pigs 
and to kits for carrying out such methods. 

Meat production and animal breeding efficiencies could be 
10 improved if it were possible to increase animal litter 

sizes. The same output of livestock could be derived 
from fewer parent animals, thus providing decreased 
production costs. In addition, animal breeding 

organisations would benefit from the potential to screen 
15 more offspring for those with improved genetics. 

However, litter size is very difficult to select for 
conventionally as it is limited to one sex and is heavily 
influenced by non-genetic factors (heritability, a 
measure of the fraction of the phenotypic variation that 
20 is due to genetic differences is approximately 0.1 for 

litter size in the pig) - 

One approach to improving litter size might be to 
introduce beneficial genes into production lines from 

25 breeds which have significantly higher litter sizes. 

However, quantitative genetics suggests that complex 
traits such as litter size are controlled by a large 
number of genes each having a small effect on the trait. 
If this is true, genetic progress through selection of 

3 0 complex traits is likely to be very slow. An alternative 

view is that, although many genes are involved in complex 
traits, a few of the genes involved {major genes) have 
large effects on the trait. If this alternative view is 
true, then genetic progress of such traits could be 
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rapid, provided that it is possible to identify and 
select for beneficial alleles of relevant major genes. 
Since the advent of genome mapping, it has become 
possible to identify genes affecting quantitative traits 
5 (quantitative trait loci, QTL) by looking for 

associations between the trait and molecular markers 
distributed evenly across the genome of animals for which 
maps are available. Importantly, for selection purposes, 
the heritability of such marker phenotypes is 1.0. 

10 

The Chinese Meishan breed of pig is known to produce 
about 4 extra piglets per litter than the most prolific 
European breeds. Genes for prolificacy {litter size) 
from this breed would be of great value in programmes 
15 aimed at increasing the litter size of commercial Western 

pig breeds. Indeed a genetic marker associated with the 
oestrogen receptor gene (ESR) of the Meishan has been 
shown to have beneficial effects on litter size and is 
described in W092/18651. 

20 

The Booroola Merino breed of sheep is extremely prolific. 
Litter sizes of three or more are common. The 
significantly increased prolificacy of this breed has 
been shown to be due to the action of a single gene, FECB 

25 (for review see G W Montgomery, et al, Endocrine Reviews, 

13: 309-328 (1992)). Genetic mapping using human DNA 
markers has shown that the human version of FECB is 
located on chromosome 4 (G W Montgomery, et al, Nature 
Genetics, 4: 410-114 (1993)) and is closely associated 

30 with the gene encoding secreted phosphoprotein-1 (SPP-1) , 

also known as osteopontin (OPN) , 2ar, bone sialoprotein- 
1, 44 kDa bone phosphoprotein and tumour secreted 
phosphoprotein. Comparative mapping (H Ellegren, et al, 
Genomics, 17: 599-603 (1993) has shown that human 
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chromosome 4 and porcine chromosome 8 are highly similar 
(syntenic) . The porcine SPP-1 gene is also located on 
chromosome 8 . 

5 More recently, it has been shown that a FECB- linked 

marker in cattle does not act as a marker for increased 
litter size in herds selected for increased ovulation 
rate (Blattman et al, Mid-West Animal Science Meeting, 
18: 43 (1995) ) . 

10 

However, we have surprisingly found that, in pigs, 
certain DNA markers for OPN are associated with litter 
size , and thus can be used to select for pigs with a 
greater chance of producing increased litter size and to 
15 select against pigs which have alleles indicating smaller 

litter sizes. As used herein "increased litter size" 
means a significant increase in litter size above the 
mean of a given population. 

20 It is interesting to note that there is an apparent break 

point in the chromosome synteny around OPN between sheep, 
cattle and man on the one hand and mouse and pig on the 
other (Montgomery et al, J. jReproduction and Fertility 
supplement, 49:113-121 (1995)). This suggests that the 

25 structure of the chromosome may be altered in this 

region, between animals having large litters (mouse and 
pig) and thos3 with small litters (man, sheep and cow) , 
such that the effect of the major gene for fecundity is 
modified. Possible explanations include the expression of 

30 the major gene may have been increased or decreased by 

being brought into a more transcriptionally active or 
inactive region; the major gene may have been brought 
directly under the control of an altered promoter 
element; the position of the major gene relative to OPN 
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may have been changed such that OPN becomes a more 
useable marker in assessing litter size potential in the 
pig than in sheep or cattle . 

Thus, in a first aspect, the present invention provides 
a method for screening pigs to determine those more 
likely to produce larger litters, and/or those less 
likely to produce larger liters, which method comprises 
the steps: 

(i) obtaining a sample of genomic DNA from 

a pig; and 



(ii) analysing the genomic DNA obtained in ' 
15 (i) to determine which OPN allele (s) is/are 

present . 

Suitably, step (ii) , namely the determination of OPN 
alleles, is carried out by looking for particular DNA 
2 0 markers linked either directly or indirectly to OPN. 

Association between genetic markers and genes responsible 
for a particular trait can be disrupted by genetic 
recombination. Thus, the closer the physical distance 

25 between the marker and the gene in question, the less 

likely it is that recombination will separate them. 
It is also possible to establish linkage between specific 
alleles of alternative DNA markers and alleles of DNA 
markers known to be associated with a particular gene 

30 (e.g. the OPN gene discussed herein), which have 

previously been shown to be associated with a particular 
trait. Thus, in the present situation, taking the OPN 
gene, it would be possible, at least in the short term, 
to select for pigs likely to produce larger litters, or 
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alternatively against pigs likely to produce smaller 
litters, indirectly, by selecting for certain alleles of 
an OPN associated marker through the selection of 
specific alleles of alternative chromosome 8 markers. 
5 Examples of such markers known to be linked to OPN on 

porcine chromosome 8 include Sw61, Swl085, Swl94, Swl6, 
SW790 and S0178, which markers are all microsatellites. 

In a further embodiment of the invention a number of such 
10 markers are used. For example, pairs of markers might be 

utilised to bracket the major gene to reduce any possible 
effects of recombination. Examples of such combinations 
of markers include S0178 and SW61 and S0178 and SW790. 

15 Since the effect may be related to the difference in gene 

orders of pigs (and mice) and sheep (and humans and 
cattle) , this suggests that the most useful second marker 
will be in the non- homologous (non-syntenic) region of 
pig chromosome 8. An example of a suitable combination of 

2 0 markers known to bracket this region would be OPN and 

S0178. However, the skilled man will appreciate that 
other useful markers could routinely be identified. 

A particular genetic marker associated with OPN is a 
25 microsateliite . These are simple sequence repeats of 4, 

3 or, more usually, 2 nucleotides, which occur 
essentially at random around the genome at approximately 
every 50,000 bases (about 60,000 microsatellites per 
haploid genome) . Stuttering of DNA polymerase during 
30 replication and unequal crossing-over during 

recombination are thought to result in the loss or gain 
of repeat units . This means that microsatellites are 
usually polymorphic and can have several repeat length 
alleles . 
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An example of a microsatellite associated with a given 
gene is (CA) n# resulting in possible repeat unit length 
alleles, e.g. (CA) 2 , (CA) 9/ (CA> 10 , (CA) 1X and (CA) 12 . 

5 Using primers capable of hybridising (for example, under 

stringent conditions) to regions flanking the 
microsatellite associated with the given gene, in 
combination with standard PGR techniques, PCR products of 
differing lengths can be generated, the length being 
10 dependent on the particular repeat unit length allele of 

the microsatellite. 

Analysing the association of such PCR products using the 
microsatellite associated with the OPN gene with litter 
15 size has allowed marker length alleles associated with 

increased, and decreased, litter size to be determined in 
pigs . 

Suitable primer pairs which will hybridise to flanking 
20 regions of such microsatellites include those having the 

following sequence: 

GCTAGTTAATGACATTGTACATAA ; or 
CCAATCCTATTCACGAAAAAGC ; and 
25 GTGTCATGAGGTTTTTTCCACTGC; or 

CAACCCACTTGCTCCCAC . 

In particular, repeat unit length alleles for the above- 
noted microsatellite marker, designated 132 and 136, have 
3 0 been found to be associated with increased litter size in 

pigs. In addition, the repeat unit length allele, 
designated 112, has been found to be associated with 
reduced litter size in pigs. 
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In fact, the allele associated with increased litter size 
predominantly derived from a European parent stock. This 
is contrary to expectations since, as discussed above, 
the Meishan has four extra piglets per litter than either 
5 Landrace or Duroc, and it might have been expected that 

beneficial markers would have been associated with genes 
inherited from the Meishan parent stock. 

In a second aspect the present invention provides a 
10 method of screening pigs to determine those more likely 

to produce larger litters, and/or those less likely to 
produce larger litters, which method comprises the steps: 

(i) obtaining a sample of genomic DNA from 

15 a pig; 

<ii) hybridising the genomic DNA from (i) 
with one or more suitable primers ; 

20 (iii) carrying out one or more PCR cycles 

using the hybridised nucleic acid from (ii) ; 
and 

(iv) analysing the length of the PCR product 
25 obtained in (iii) . 

Suitably, the methods of the present invention are 
carried out using reagents and instructions presented in 
the form of a kit. 



30 



Thus, in a third aspect, the present invention provides 
a kit for screening pigs to determine those more likely 
to produce larger litters, and/or those less likely to 
produce larger litters, which comprises one or more 
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10 



reagents or materials capable of identifying OPN alleles 
in a sample of pig genomic DNA. 

A preferred kit of the invention will comprise reagents 
or materials capable of identifying alleles associated 
with DNA markers linked to the OPN gene, eg the 
microsatellite marker. Such a kit would most preferably 
comprise one or more DNA primers optionally together with 
standard PGR reagents. 



Finally, the skilled person will realise that the methods 
and kits described herein can be used in conjunction with 
other already described methods and kits to screen pigs 
to determine those more likely to produce larger litters 
15 (or those less likely to) . An example of such other 

methods and kits are those described in W092/18651. 
It would, of course, be possible to produce combined kits 
which could be used to screen pig DNA using both methods. 

20 In WO-A-9218651 and USSN 08/312312 there are disclosed 

methods for determining which pigs are more likely to 
produce larger litter sizes based on a linkage with the 
ESR gene. The skilled man will appreciate, therefore, 
that the screening methods of the present invention can 

25 be combined with the earlier disclosed ESR screening 

methods to provide a yet more powerful tool for such 
determinations. Thus, in a further aspect, the present 
invention provides a method for screening pigs to 
determine those more likely to produce larger litters, 

3 0 and/or those less likely to produce larger litters, which 

method comprises the steps: 



(i) obtaining a sample of genomic DNA from a pig; 
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(ii) analysing the genomic DNA obtained in step 
(i) to determine which OPN allele (s) is/are 
present; and 



5 (iii) analysing the genomic DNA obtained in step 

(i) to dt ermine which alele(s) of at least one other 
gene linked to litter size in pigs is/are present. 

In one preferred embodiment of this aspect of the 
10 invention the at least one other gene is the ESR gene, as 

described in WO-A-921B^31 and USSN 08/312312. 



In a final aspect the present invention provides a kit 
for screening pigs to dtermine those more likely to 

15 produce larger litters, and/or those less likely to 

produce larger litters, which comprises one or more 
reagents or materials capable of identifying OPN alleles 
in a sample of pig genomic DNA, together with one or more 
reagents or materials capable of identifying alleles of 

20 at least one other gene linked to litter size in pigs in 

a sample of oig genomic DNA. 

Preferred features of each aspect of the invention are 
applicable to each other aspect mutatis mutandis . 

25 

The invention will now be described with reference to the 
following examples, which should in no way be construed 
as limiting the invention 
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EXAMPLE 1 

DNA Preparation 

5 DNA can be prepared from any source of tissue containing 

cell nuclei, for example white blood cells, hair 
follicles, ear notches and muscle. The procedure 
outlined here relates to blood cell preparations; other 
tissues can be processed similarly by directly suspending 

10 material in K buffer and then proceeding from the same 

stage of the blood procedure. The method outlined here 
produces a cell lysate containing crude DNA which is 
suitable for PCR amplification. However, any method for 
preparing purified or crude DNA should be equally 

15 effective. 

Blood should be collected in 50 mM EDTA pH 8.0 to prevent 
coagulation. 50 fil of blood was dispensed into a small 
microcentrifuge tube (0.5 ml Eppendorf or equivalent). 

20 450 fil of TE buffer was added to lyse the red blood cells 

(haem groups inhibit PCR) and the mix vortexed for 2 
seconds. The intact white and residual red blood cells 
were then centrifuged for 12 seconds at 13,000 g in a 
microcentrifuge. The supernatant was removed by gentle 

25 aspiration using a low pressure vacuum pump system. A 

further 450 ^1 of TE buffer was then added to lyse the 
remaining red blood cells and the white blood cells 
collected by centrifugation as before. If any redness 
remained in the pellet, this process was repeated until 

30 the pellet was white. After removal of the last drop of 

supernatant from the pelleted white blood cells, 100 /zl 
of K buffer containing proteinase K was added and the 
mixture incubated at 55°C for 2 hours. The mixture was 
then heated to 95-100°C for 8 minutes and the DNA lysates 
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stored at -20°C until needed. 



Raagents 

TE buffer: 10 mM TRIS-HC1 pH 8.0 

1 mM EDTA 



K buffer: 50 mM KC1 

10 mM TRIS-HC1 pH 8 . 3 
2.5 mM MgCl 2 
10 0.5% Tween 20 



Prior to use for lysates 10 fxl of 20 mg/ml proteinase K 
(Boehringer Mannheim) per 1.0 ml of K buffer was added. 

15 PCR 

Reactions were set up as follows in thin walled 0.25 ml 
tubes {Perkin Elmer) : 



1.5 fil lOx buffer; 
20 1.5 fxl 15 mM MgCl; 

1.5 /il 2 mM dNTPs (Pharmacia); 

0.5 fil of each primer at 5 mM (Genosys) ; 

9 /il sterile deionised water; 

0.1 fil (0.5 units) AmpliTaq DNA polymerase (Perkin 
25 Elmer) ; 

1 fil DNA lysate. 



Reaction tubes were then placed on a Perkin Elmer 9600 
thermal cycler and PCR carried out according to the 
3 0 regime indicated below: 



94°C for 4 minutes ; 

30 cycles of 94°C for 3 0 seconds, 58°C for 1 minute; 
and 72°C for 1 minute; 
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72°C for 4 minutes; 
4°C until required. 

Reagrents 

5 lOx PCR buffer 100 mM Tris-HCl pH 8.3 (25°C) , 500 mM 

KC1 

Forward primer GCTAGTTAATGACATTGTACATAA 

or CCAATCCx'ATTCACGAAAAAGC 

Reverse primer GTGTCATGAGGTTTGTGCCACTGC 

10 or CAACCCACTTGCTCCCAC 

If one of the primers is labelled with a fluorescent 
marker, the resulting products can be analysed on an 
automated DNA sequencer such as the Applied Biosystems 
15 373 DNA Sequencer using Genescan and Genotyper software. 

EXAMPLE 2 

Polvar ^ ami de Gel Electrophoresis 

20 

5 fil of the PCR products were mixed with 2 pil of loading 
buffer and separated on a non- denaturing polyacrylamide 
slab gel in 1 x TBE buffer at 100V for 4 hours. The gel 
was then stained in a 50 ng/ml solution of ethidium 

25 bromide for 30 minutes and the PCR products visualised 

and photographed on a UV light transilluminator . PCR 
product sizes in base pairs were then estimated from 
relative mobilities as compared with known molecular 
weight markers run on the same gel. The size estimate of 

3 0 PCR products reflects the length of the microsatellite 

allele. 



PCR products were also analysed on an Applied Biosystems 
DNA Sequencer following the use of a f luorescently 
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RESULTS 

5 OPN Allele Frequencies 

Results for OPN allele frequencies in different 
populations are presented in Table 1. 



OPN Allele Frequencies in Different Pig 
Populations • 



Population 


OPN Allele 


Number 


Percentage 


Landrace 


112 


3 


21 




132 


6 


43 




136 


2 


14 




142 


3 


21 


Meishan 


132 


2 


17 




140 


8 


67 




142 


1 


8 




154 


1 


8 


L93 


112 


10 






122 


2 






124 


30 






132 


39 


10 




134 


1 


0 




136 


36 


9 




140 


171 


43 




142 


60 


15 




153 


2 


1 




154 


43 


11 


L94 


124 
132 
136 
14 0 
154 


45 
15 

9 
84 

9 


28 
9 
6 

52 
6 



Animals from a population founded by a Landrace 
x Meishan cross. 



L94 



Animals from a population founded by Duroc x 
Meishan cross . 
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Statistical Analysis 

Female animals derived from L93 and L94 were scored for 
litter size (both total number born (TNB) and number born 
alive (NBA)), over several parities if possible, and 
5 these data were compared with OPN microsatellite 

genotypes for the same animal set. Statistical 
associations between litter size and OPN genotypes were 
investigated using the method of least squares to fit a 
general linear model. Least Squares Means (LSMs) for 
10 litter size were estimated for each OPN genotype, LSMs 

are the means adjusted for other effects in the model 
which could affect litter size. 



The effect of individual OPN alleles was further 
dissected using an allele substitution model in which 
animals were classified into groups depending on whether 
they carried 0, 1 or 2 copies of a particular allele. 
LSMs for litter size were estimated for each group. The 
results for L93 are shown in Table 2. 
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It can be seen from the data that allele 112 appears to 
be related to a negative effect on litter size, whereas 
positive trends are seen for alleles 132 (NBA) and 13 6 
(TNB) • The data presented in Table 1 suggests that while 
alleles 112 and 13 6 were probably derived from the 
Landrace, allele 132 could have been derived from either 
the Landrace or Meishan ancestry. However, as the 132 
allele is more than twice as common in the Landrace as 
the Meishan, it is likely that a significant proportion 
of the 132 alleles in L93 derive from the Landrace. 

In order to investigate the potential of these alleles to 
act as predictors of litter size, additional data from 
L94 were included in the analysis. Allele 112 was not 
found in this line (presumably this allele is not found 
in Duroc) . The combined data for alleles 132 and 136 are 
shown in Table 3 . 
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These data show that only allele 132 had a significant 
positive effect for litter size for both TNB and NBA. 
Although allele 136 was close to significance for TNB, it 
is probable that the effect here is due to a small amount 
5 of 13 6/13 6 animals (3) with very high observations. 

The association between OPN allele 132 and high litter 
size has now been demonstrated in two different lines of 
pig (L93 and L94) . This indicates that a QTL affecting 
10 litter size is closely associated with the porcine OPN 

gene. However, it is possible that in other families, 
lines or breeds of pig that a different OPN allele will 
be associated with increased litter size. 

The results of a re-analysis . of the data for L93 and L94 
and for an additional line L07 (a large white line) is 
shown below in table 4 using an alternative model. This 
involved fitting each OPN allele as a variable and coding 
each animal with a 0, 1 or 2 for each allele (ie 0, 1 or 
2 copies of each allele) . 

Fixed effects were herd- season- service type and parity. 
Sire was included as a random effect . ESR and OPN were 
fitted as covariables. All data per line were included, 
25 not just full- or half -sib families. OPN alleles with 

less than 10 litters of a r^cond genotype were excluded 
from the analyses . 



15 



20 



Traits analysed were total number born (TNB) and number 
3 0 born alive (NBA) . 

Three models were run for each line including the fixed, 
random and ESR effects as given above. 
1 . Model excluding OPN 
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2. Model including all OPN alleles 

3. Model including OPN alleles individually 

~21ogliklihood was obtained for each model. Significance 
5 of the model was calculated by subtracting the log 

liklihood from models 2 or 3 from model 1 and comparing 
the result against a Chi -squared distribution. Degrees of 
freedom (df) used was the difference between the two 
models . 

10 

The levels of significance per line for model 2 and any 
significant alleles in model 3 are given in the table 
below. 
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Table 4 





TNB 


NBA 


Line 


Model 
/allele 


Signif- 
icance 


Allele 
substit 
ution 
effect 


Signif- 
icance 


Allele 
substit 
ution 
effect 


7 


2 


P<0.10 




P<0.10 






3/OPN122 


P<0.05 


1.30 


P<0.05 


-1.37 


93 


2 


P<0.10 




P<0.05 






3/OPNT112 


P<0.10 


-0.87 


P<0.10 


-0.92 




3/OPN132 


NS 


+0.49 


P<0.05 


+0.72 




3/OPN154 


P<0.10 


-0.72 


NS 


-0.46 


94 


2 


. P<0.01 




P<0.05 






3/OPN124 


P<0.10 


-0.83 


P<0.10 


-0.74 




3/OPN132 


P<0.01 


+1.62 


P<0.05 


+1.42 



The following conclusions can be drawn from this dat^: 

15 

1. OPN accounted for a significant amount of variation 
in litter size (after including ESR) for L07 (P<0.10); 
L93 (TNB: P<0.10; NBA: P<0.05) and L94 (TNB: P<0.01; ^A: 
P<0.05) . 

20 

2. OPN allele 132 showed a significant positive effect 
on litter size in L93 and L94 . 

3. Other alleles OPN122 (L07) , 0PN112 and OPN154 (L93) 
25 and OPN124 (L94) showed significant negative effects. 
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EXAMPLE 3 

Genomic DNA samples from a further line L03 (another 
large white based line) were obtained and analysed. The 
5 results are shown below in table 5, 416 animals with 

1,010 litter records were analysed. 

Several different models were run. All models included 
the effect of farm-month farrowed, parity and sire. ESR 
10 was fitted as a co-variate in all analyses. 

Traits analysed were total number born (TNB) and number 
born alive (NBA) . 



15 



Models used: 

1. Total number born= f arrow-month+sire+ESR+OPN allele 
2 . TNB or NBA= f arrow-month+sire+ESR+OPN112+OPN122 etc 
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Table 5 





TNB 


M6A 


Line 


Model/Allel 
e 


Significanc 
e 


Allele 
substitutio 
n effect 


Significanc 
e 


Allele 
substitutio 
n effect 


> 03 


1/OPN124 


P<0.01 


+0.72 








1/<"»PN136 


P<0.15 


-0.27 








1/OPN138 


P<0.15 


+2.04 








1/OPN142 


P<0.15 


-0.27 








2/0PN112 


NS 


+0.34 


NS 


+0.56 




2/OPN122 


Mo 


-o.13 


NS 


-0.18 




2/OPN124 


<0.05 


+0.65 


NS 


+0.33 




2/OPN132 


NS 


+0.31 


NS 


+0.08 




2/OPN136 


NS 


-0.29 


NS 


-0.37 




2/0PN138 


<0.15 


+2.06 


NS 


+1.81 




27OPN140 


NS 


-o.n 


NS 


-0.16 




2/OPN142 


NS 


-0.22 


<0.15 


-0.40 




2/0PM144 


MS 


-1.06 


NS 


-1.16 . 




2/OPN146 


NS 


+1.06 


NS 


+0.15 




2/OPN154 


NS 


+0.02 


NS 


-0.02 
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This data indicates that OPN 124 shows a significant 
(P<0.01) positive effect for TNB of 0.7 for each copy of 
the allele. In addition, OPN 142 showed a trend toward a 
25 negative effect on litter size in L03 , a similar effect 

to that seen for L93 . 



As discussed above, another gene ESR, has been shown to 
affect litter size in pigs and it is likely that other 
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genes linked with litter size will be identified in the 
future- We investigated whether certain beneficial allele 
combinations of the two separate genes , OPN and 
ESR , provide an additive effect on litter size. 

5 

To test this possibility we looked at the association 
between litter size and various combinations of ESR and 
OPN alleles . The results presented below in tables 4 and 
5 show that indeed beneficial alleles of OPN can combine 
10 positively with beneficial alleles of ESR, such that an 

even greater litter size advantage can be realised than 
can be achieved through using beneficial alleles of OPN 
or ESR alone. 

15 Table_4: Allele substitution effect for OPN and ESR 

markers on litter size (TNB) in line 93 (1*93) 



Marker 


Allele 

sub s t i tut ion 

effect for TNB 


Significance 


OPN 132 


+0 .49 


ns 


ESR B 


+0.34 


ns 


OPN 132 or ESR B 


+0-39 


P<0.1 
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Table 5 : Expected litter size (TNB) advantage for 

various combinations of OPN and ESR markers in line 93 
(L93) based on data presented in Table 4 



Genotype 


Litter size effect 
(TNB) 


ESR 


ESR I OPN 


OPN 












B 








+ 0.34 


B 


B 






+0.68 






132 




+ 0.49 






132 


132 


+0.98 


B 




132 




+0.83 (+0.78) 


B 


B 


132 




+1.17 (+1.12) 


B 




132 


132 


+1.32 (+1.27) 


B 


B 


132 


132 


+1.66 (+1.56) 



15 

Litter size effects assume complete additivity (OPN 132= 
+0.49; ESR B= +0.34) exceptthose in brackets which assume 
the effect of OPN 132 or ESR B= +0.39. 
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CLAIMS 

1. A method for screening pigs to determine those more 
likely to produce larger litters, and/or those less 
5 likely to produce larger litters, which method comprises 

the steps: 

(i) obtaining a sample of genomic DNA from 

a pig; and 

10 

<ii) analysing the genomic DNA obtained in 
(i) to determine which OPN allele (s) is/are 
present . 

15 2 . A method as claimed in claim 1 wherein the 

determination of OPN alleles in step (ii) comprises 
determining the presence of at least one allele 
associated with at least one DNA marker linked either 
directly or indirectly to OPN. 

20 

3 . A method as claimed in claim 2 wherein the DNA 
marker is a microsatellite . 

4 . A method as claimed in claim 3 wherein the DNA 
25 marker is Swl085, Swl94, Swl6, Sw790, Sol78 or Sw61. 

5 . A method as claimed in claim 4 wherein one or more 
primers capable of hybridising to a region associated 
with the microsatellite are added to the sample of 

3 0 genomic DNA followed by one or more cycles of PCR to 

generate primer extension products. 

6. A method as claimed in claim 5 wherein the OPN 
allele or alleles present in the sample of genomic DNA is 
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determined by reference to the length of the primer 
extension product (s) - 

7. A method as claimed in claim 5 or claim 6 wherein 
one or more of the following primers are employed: 

GCTAGTTAATGACATTGTACATAA ; 
CCAATCCTATTCACGAAAAAGC ; 
GTGTCATGAGGTTTTTTCCACTGC ; or 
CAACCCACTTGCTCCCAC . 

8 . A method of screening pigs to determine those more 
likely to produce larger litters, and/or those less 
likely to produce larger litters, which method comprises 
the steps : 

(i) obtaining a sample of genomic DNA from 
a pig; 

(ii) hybridising the genomic DNA from (i) 
with one or more suitable primers ; 

( i i i ) c ar ry ing out one or more PCR cy c le s 
using the hybridised nucleic acid from (ii) ; 
and 

(iv) analysing the length of the PCR product 
obtained in (iii) . 

9. A method as claimed in claim 8 modified by any one 
or more of the features of claims 2 to 4 . 

10. A method as claimed in claim 9 wherein one or more 
of the following primers are employed: 



WO 96/41892 



27 



PCT/GB96/01408 



GCTAGTTAATGACATTGTACATAA ; 
CCAATCCTATTCACGAAAAAGC ; 
GTGTCATGAGGTTTTTTCCACTGC ; or 
CAACCCACTTGCTCCCAC . 

5 

11. A kit for screening pigs to determine those more 
likely to produce larger litters, and/or those less 
likely to produce larger litters, which comprises one or 
more reagents or materials capable of identifying OPN 

0 alleles in a sample of pig genomic DNA. 

12. A kit as claimed in claim 11 which comprises 
reagents or materials capable of identifying alleles 
associated with DNA markers linked to the OPN gene. 

5 

13. A kit as claimed in claim 12 wherein the DNA marker 
is a microsatellite and the kit comprises one or more 
DNA primers capable of hybridising to a region of the 
genomic DNA associated with the microsatellite. 

0 

14 . A kit as claimed in claim 13 wherein one or more of 
the following primers are included: 

GCTAGTTAATGACATTGTACATAA ; 
5 CCAATCCTATTCACGAAAAAGC ; 

GTGTCATGAGGTTTTTTCCACTGC ; or 
CAACCCACTTGCTCCCAC . 

15. A kit as claimed in claim 13 or claim 14 which 
0 includes standard PCR reagents. 

16 . A method of determining which allele or alleles for 
a DNA marker associated with the pig OPN gene is/are 
associated with larger litter size, which comprises the 
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steps of : 

(i) obtaining genomic DNA from one or more 
pigs; 

(ii) determining which allele or alleles are 
present for a particular DNA marker associated 
with the OPN gene; 



10 (iii) comparing the result of step (ii) with 

a similar determination carried out for one or 
more pigs known to produce larger litter sizes. 

17. A method for screening pigs to determine those more 
15 likely to produce larger litters, and/or those less 

likely to produce larger litters, which method comprises 
the steps : 



20 



(i) obtaining a sample of genomic DNA from a pig; 

(ii) analysing the genomic DNA obtained in step 
(i) to determine which OPN allele (s) is/are present; 
and 



25 (iii) analysing the genomic DNA obtained in step 

(i) to determine which alele(s) of at least one 
other gene linked to litter size in pigs is/are 
present . 

3 0 18. A method as claimed in claim 17 wherein the at 

least one other gene is the ESR gene. 

19. A method as claimed in claim 17 or claim 18 

modified by any one or more of the features of any one of 
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claims 2 to 7. 

20. A kit for screening pigs to dt ermine those more 
likely to produce larger litters, and/or those less 

5 likely to produce larger litters, which comprises one or 

more reagents or materials capable of identifying OPN 
alleles in a sample of pig genomic DNA, together with one 
or more reagents or materials capable of identifying 
alleles of at least one other gene linked to litter size 
10 in pigs in a sample of pig genomic DNA. 

21. A kit as claimed in claim 20 wherein the at least 
one other gene is the ESR gene. 



15 



22. A kit as claimed in cliam 20 or claim 21 modified 
by one or more of the features of any one of claims 12 to 
15 . 



INTERNATIONAL SEARCH REPORT 



I- -national Application No 

r-CT/GB 96/01408 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 C12Q1/68 CQ7H21/04 C12P19/34 



According to International Patent Pacification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched {cUssification system followed by classification symbols) 

IPC 6 C12Q 



Documentation searched other than mtrarmaTi documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to datm No. 



W0.A.92 18651 (IOWA STATE UNIVERSITY 
RESEARCH) 29 October 1992 
cited in the application 
see the whole document 

SCIENCE , 

vol. 263, 25 March 1994, 

pages 1771-4, XPO02018359 

ANDERSSON, L., ETAL.: "Genetic mapping 

of quantitative trait loci for growth and 

fatness." 



18-22 



□ 



Further documents are listed in me continuation of box C. 



m 



Patent family members arc listed in annex. 



" Special categories of cited documents : 

"A* document defining me general state of the art which is not 

considered to be of particular relevance 
*E~ earlier document but published on or after the international 

filing date 

"L* document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other infant 

"P* document published prior to the international filing date but 
later than the priority date claimed 



T uter document published alter the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person stalled 
in the am 

'&" document member of the same patent family 



Date of the actual completion of the international search 



12 November 1996 



Date of mailing of the international search report 



1 9. It 98 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. ( + 31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized officer 



Osborne, H 



Form PCT/ISA/3lt (tccmrt Hwsel) (July 1992} 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



It -national Application No 

KT/GB 96/01498 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



AU-B- 


66G994 


13-07-95 


AU-A- 


1917692 


17-11-92 


BR-A- 


9205918 


08-11-94 


CA-A- 


2108579 


20-10-92 


EP-A- 


0580767 


02-02-94 


JP-T- 


6506837 


04-08-94 


US-A- 


5550024 


27-08-96 


US-A- 


5374526 


20-12-94 



WO-A-9218651 



29-10-92 



Form PCT/IS A/220 (pttent family iaacx) (July 1992) 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 : 

C12Q 1/68, C12P 19/34 
C07H 15/12 



Al 



(11) International Publication Number: 
(43) International Publication Date : 



WO 92/18651 

29 October 1992 (29.10.92) 



(21) International Application Number: PCT/US92/03160 

(22) International Filing Date: 16 April 1992 (16.04.92) 



(30) Priority data: 

687,708 



19 April 1991(19.04.91) 



US 



(71) Applicant: IOWA STATE UNIVERSITY RESEARCH 

FOUNDATION, INC. [US/US]; Iowa State University, 
214 O & L, Ames, IA 50011-3020 (US). 

(72) Inventors: ROTHSCHILD, Max, F. ; 1316 Illinois Avenue, 

Ames, IA 50010 (US). JACOBSON, Carol, D. ; 2048 
Prairie View East, Ames, IA 50010 (US). 

(74) Agent: KARNY, Geoffrey, M.; Dickstein, Shapiro & Mor- 
in, 2101 L Street, N.W., Washington, DC 20037 (US). 



(81) Designated States: AT, AT (European patent), AU, BB, BE 
(European patent), BF (OAPI patent), BG, BJ (OAPI 
patent), BR, CA, CF (OAPI patent), CG (OAPI patent), 
CH, CH (European patent), CI (OAPI patent), CM 
(OAPI patent), CS, DE, DE (European patent), DK, 
DK (European patent), ES, ES (European patent), FI, 
FR (European patent), GA (OAPI patent), GB, GB (Eu- 
ropean patent), GN (OAPI patent), GR (European pa- 
tent), HU, IT (European patent), JP, KP, KR, LK, LU, 
LU (European patent), MC (European patent), MG, ML 
(OAPI patent), MN, MR (OAPI patent), MW, NL, NL 
(European patent), NO, PL, RO, RU, SD, SE, SE (Euro- 
pean patent), SN (OAPI patent), ID (OAPI patent), TG 
(OAPI patent). 



Published 

With international search report 



(54) Title: GENETIC MARKERS FOR PIG LITTER SIZE 



(57) Abstract 



Disclosed herein are genetic markers for pig litter size, methods for identifying such markers, and methods of screening 
pigs to determine those more likely to produce larger litters. The markers are based upon the presence or absence of polymor- 
phisms in the pig estrogen receptor gene. Preferably, the polymorphism is a restriction fragment length polymorphism (RFLP). A 
4.3 kilobase fragment obtained by digesting pig genomic DNA with the restriction endonuclease Pvu II and detecting the frag- 
ments with a probe comprising a detectably labeled human estrogen receptor gene is associated with increased litter size. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT Austria 

AU Australia 

BB Barlxuloi 

BE Belgium 

BF Burkina Ha»o 

BG Bulgaria 

BJ Buntu 

BR Bra/it 

CA Canada 

CF Ciintrul African RciKjblit 

CG Congo 

CH Switzerland 

CI Cote d'Koirc 

CM Cameroon 

CS (VecbmlovaUia 

DE Germany 

DK fJcwniark 



ES Spain 

pi | •in land 

FR l-ratwe 

GA Gabon 

GB Untied Kingdom 

GN Guinea 

CR Greece 

HU Hungary 

IT Italy 

JP Japan 

KP Democratic People's Republic 

of Korea 

KR Republic of Korea 

L* Liechtenstein 

LK Sri l-unku 

LU I u*cmbourg 

MC Monauo 



MC Madagascar 

ML Mali 

MN Mongolia 

MR Mauritania 

MW Malawi 

NL Netherlands 

NO Norway 

PL Poland 

RO Romania 

RU Russian tixlcraiion 

SD Sudan 

SE Sweden 

SN Sei legal 

SU Soviet Union 

TO Chad 

TC Togo 

US United Slates of America 



WO 92/18651 



PCT/US92/03160 



- 1 - 



GENETIC MARKERS FOR PIG LITTER SIZE 

FIELD OF THE INVENTION 

This invention relates generally to the detection 
of genetic differences for reproductive efficiency among 
pigs and particularly to genetic markers useful for 
identifying pigs more likely to produce larger litter 
sizes. 

BACKGROUND OF THE INVENTION 

Reproductive efficiency, which can be defined as 
the number of pigs produced per breeding female, is the 
major limiting factor in the efficient production of pork. 
The number of pigs born alive in the United States averages 
approximately 9.5 pigs per litter- Heritability for litter 
size is low (10%-15%) , and standard genetic methods of 
selecting breeding females on the basis of past litter size 
have not been effective. Therefore, there is a need for an 
approach that deals with selection for reproduction at the 
cellular or DNA level. 

Chinese breeds are known for reaching puberty at an 
early age and for their large litter size. American breeds 
are known for their greater growth rates and leanness. 
Thus, it would be desirable to combine the best 
characteristics of both types of breeds, thereby improving 
the efficiency of U.S. pork production. These efforts 
would be greatly assisted by the discovery of genes or 
genetic markers that are associated with increased litter 
size in pigs. 
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Reproduction in mammals takes place in response to 
a chain of events that occur between the brain and the 
reproductive organs. The steroid hormones, such as 
estrogen, play a crucial role. Steroid hormones interact 
with cells and tissues, initiating a series of events that 
result in the ability to reproduce successfully. 

in pigs, estrogen, which i» produced mainly by the 
ovaries, has profound effects on the uterus, brain, and 
pituitary gland. Estrogens modulate the onset of puberty, 
reproductive behaviors, cyclic release of gonadotropins, 
and feeding behavior. The effects of estrogens take place 
as a result of the binding of estrogen to specific receptor 
proteins found in the nucleus of the estrogen-responsive 
cells. McEwen, et al., Recent Prog, fform. Res f , 38:41-92 
(1982) . 

The gene responsible for coding for the human 
estrogen receptor has been identified, and it is publicly 
available from the American Type Culture Collection. See 
ATCC catalog sept. 1990, page 112, entry 57681. The probe 
name pOR3 and is 1.3 kb. Green et al., fia£u££ (London) 
320:134-139 (1986), incorporated herein by reference. The 
human gene is known to be polymorphic as a result of 
restriction fragment length polymorphism (RFLP) analysis. 
Castagnoli et al., ^r} , Acids Res., 15:886 (1987); Coleman 
et al., ^ Res.. 16:7208 (1988). The functional 

differences relating to these different genotypes are not 
well understood, but they have been implicated in increased 
spontaneous abortions in humans with breast cancer. Lehrer 
et al., The Lancet . 335:622-624 (March 17, 1990). 
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The estrogen receptor gene has been isolated and 
sequenced for other species, but not for pigs* Koike et 
al., Nucl. Acids Res. . 15:2499-2513 (1987) reports the 
isolation and sequencing of a cDNA clone of the rat uterus 
estrogen receptor. The authors state that a comparison of 
rat, human, and chicken estrogen receptor sequences 
indicates the presence of three highly conserved regions, 
suggesting that these regions play important roles in 
estrogen receptor function. 

In addition, Koike et al. Biochemistry 26:2563-2568 
(1987) reports the partial characterization of the porcine 
estrogen receptor binding site. The paper reports a 
fragment of about 30 kDa that probably corresponds to the 
hydrophobic C-terminal-half region and has a greater than 
90% homology with the corresponding rat, human, and chicken 
sequences. 

RFLP analysis has been used by several groups to 
study pig DNA. Jung et al., Theor. A ppI. Genet.. 77:271- 
274 (1989) discloses the use of RFLP techniques to show 
genetic variability between two pig breeds. Polymorphism 
was demonstrated for swine leucocyte antigen (SLA) Class I 
genes in these breeds • Hoganson et al . , Abstract for 
Annual Meeting of Midwestern Section of the American 
Society of Animal Science . March 26-28, 1990 reports on the 
polymorphism of swine major histocompatibility complex 
(MHC) genes for Chinese pigs, also demonstrated by RFLP 
analysis. Jung et al. Animal Genetics , 20:79-91 (1989) 
reports on RFLP analysis of SLA class I genes in certain 
boars. The authors state that the results suggest that 
there may be an association between swine SLA/MHC Class I 
genes and production and performance traits. They further 
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as 



state that the use of SIA Class I restriction fragments, 
genetic markers, may have potential in the future for 
improving pig performance. 

Prior to the present invention, RFLP analysis has 
not been applied to the pig estrogen receptor gene, which 
has not even been identified. The present invention 
overcomes these deficiencies. It provides genetic markers, 
based upon the discovery of polymorphism in the pig 
estrogen receptor gene, which relate to increased litter 
size in pigs. This will permit the screening and genetic 
typing of pigs for their estrogen receptor genes. It will 
also permit the identification of individual males and 
females that would be expected to produce a litter size 
larger than the average for their breed. 

ST7MMARY OF THE I NVENTION 

It is an object of the invention to provide a 
method of screening pigs to determine those more likely to 
produce larger litters. 

Another object of the invention is to provide a 
method for identifying genetic markers for pig litter size. 

A further object of the invention is to provide 
genetic markers for pig litter size. 

Yet another object of the invention is to provide a 
kit for evaluating a sample of pig DNA. 



Additional objects and advantages of the invention 
will be set forth in part in the description that follows, 
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and in part will be obvious from the description r or may be 
learned by the practice of the invention. The objects and 
advantages of the invention will be attained by means of 
the instrumentalities and combinations particularly pointed 
out in the appended claims. 

To achieve the objects and in accordance with the 
purpose of the invention r as embodied and broadly described 
herein, the present invention provides a method for 
screening pigs to determine those more likely to produce a 
larger litter when bred. A sample of genomic DNA is 
obtained from a pig, and the presence or absence of a 
polymorphism in the estrogen receptor gene correlated with 
increased litter size is determined. Preferably, the 
polymorphism is a restriction fragment length polymorphism. 

The presence or absence of a specific fragment or 
RFLP pattern is identified by the following steps. First, 
the genomic DNA is digested with a restriction endonuclease 
that cleaves the pig estrogen receptor gene in at least one 
place. Second- the fragments obtained from the digestion 
are separated, preferably by gel electrophoresis. Third, 
the fragments are detected with a probe capable of 
hybridizing to them. This generates a restriction pattern. 
Finally, the restriction pattern is compared to a known 
RFUP pattern for this gene that is correlated with 
increased litter size. The second pattern is one obtained 
by using the same restriction endonuclease and the same 
probe or an equivalent probe. Preferably, the probe is the 
human estrogen receptor gene. 

In another embodiment, the invention comprises a 
method for identifying a genetic marker for pig litter 
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size. Male and female pigs of the same breed or breed 
cross or similar genetic lineage are bred, and the number 
of offspring produced by each female pig is determined. 
The polymorphism in the estrogen receptor gene of each pig 
is determined and associated with the number of offspring. 
Preferably, RFLP analysis is used to determine the 
polymorphism, and most preferably, the genomic DNA is 
digested with the restriction endonuclease Pvu II. For 
pigs of the Meishan breed, such analysis produces a 4.3 
kilobase fragment associated with increased litter size. 

The invention further comprises a kit for 
evaluating a sample of pig DNA. At a minimum, the kit is a 
container with one or more reagents that identify 
polymorphism in the pig estrogen receptor gene. 
Preferably, the reagent is a probe that hybridizes with the 
pig estrogen receptor gene or fragments thereof. 
Preferably, the probe is the human estrogen receptor gene. 
Preferably, the kit further contains a restriction enzyme 
that cleaves the pig estrogen receptor gene in at least one 
place. 

The accompanying figure, which is incorporated in 
and constitutes a part of this specification, illustrates 
one embodiment of the invention and, together with the 
description, selves to explain the principles of the 
invention. 

BRIEF DESCRIPTION O f THE DRAWING 



Figure 1 shows RFLP analysis of Duroc (lane 1) and 
Chinese (lanes 2-16) pig DNA using the human estrogen 
receptor gene probe. 
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DETAILED DESCRIPTION OF THE INVENTION 

Reference will now be made in detail to the 
presently preferred embodiments of the invention, which, 
together with the following examples, serve to explain the 
principles of the invention* 

The invention relates to genetic markers for litter 
size in pigs. It provides a method of screening pigs to 
determine those more likely to produce a larger litter when 
bred by identifying the presence or absence of a 
polymorphism in the estrogen receptor gene that is 
correlated with increased litter size. As used herein, the 
term "increased litter size" means a significant increase 
in litter size above the mean of a given population. 

The use of RFLPs is the preferred method of 
detecting the polymorphism. However, since the use of RFLP 
analysis depends ultimately on polymorphisms and DNA 
restriction sites along the nucleic acid molecule, other 
methods of detecting the polymorphism can also be used* 
Such methods include ones that analyze the polymorphic gene 
product and detect polymorphisms by detecting the resulting 
differences in the gene product. 

RFLP analysis in general is a technique well-known 
to those skilled in the art. See, for example, U.S. 
Patents 4,582,788 issued April 15, 1986 to Erlich and 
4,666,828 issued May 19, 1987 to Gusella, both of which are 
incorporated herein by reference. Broadly speaking, the 
technique involves obtaining the DNA to be studied, 
digesting the DNA with restriction endonucleases , 
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separating the resulting fragments, and detecting the 
fragments. 

in the present invention, a sample of genomic DNA 
is obtained from a pig. Generally, peripheral blood cells 
are used as the source of the DNA. A sufficient amount of 
cells are obtained to provide a sufficient amount of DNA 
for analysis. This amount will be known or readily 
determinable by those skilled in the art. The DNA is 
isolated from the blood cells by techniques known to those 
skilled in the art. 

In certain instances, it may be desirable to 
amplify the amount of DNA through the use of standard 
techniques, such as the polymerase chain reaction. This 
technique is described in U.S. Patents 4,683,195, issued 
July 28, 1987 to Mullis et al., 4,683,202, issued July 28, 
1987 to Mullis, 4,800,159 issued January 24, 1989 to 
Mullis, et al., 4,889,818 issued December 26, 1989 to 
Gelfand, et al., and 4,902,624, issued February 20, 1990 to 
Columbus, et al., all of which are incorporated herein by 
reference. 

The isolated DNA is then digested with a 
restriction endonuclease that cleaves or cuts DNA 
hydrolytically at a specific nucleotide sequence, called a 
restriction site. Such endonucleases, also called 
restriction enzymes, are well-known to those skilled in the 
art. For the present invention, one should be chosen that 
cleaves the pig estrogen receptor gene in at least one 
place, producing at least two fragments of the gene. A 
determination is made as to whether or not such fragments 
are polymorphic and if the polymorphism is associated with 
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litter size by techniques known in the art in conjunction 
with the teachings contained h-^-ein. Preferably, such 
restriction endonuclease is Pvu II, The amount of such 
enzyme to be added to the sample containing the pig DNA and 
the other appropriate conditions for treating the sample 
will be readily determinable to persons skilled in the art, 
given the teachings contained herein* 

The restriction fragments are then analyzed by 
known techniques that generally involve either the 
separation of the fragments to obtain a particular pattern 
or the determination of different sizes of the fragments. 
The preferred technique for doing so is gel 
electrophoresis . 

In this technique, the digested fragments are 
separated in a supporting medium by size under the 
influence of an applied electric field. Gel sheets or 
slabs, such as agarose or agarose-acrylamide, are typically 
used as the supporting medium. The sample, which contains 
the restriction fragments, is added to one end of the gel. 
One or more size markers are run on the same gel as 
controls to permit an estimation of the size of the 
restriction fragments. This procedure generally permits a 
degree of resolution that separates fragments that differ 
in size from one another by as little as 100 base pairs. 

The separated fragments preferably are then 
denatured and transferred physically from the gel onto a 
filter, preferably a nylon membrane, by contacting the gel 
with the filter in the presence of appropriate reagents and 
under appropriate conditions that promote the transfer of 
the DNA. Such reagents and conditions are well-known to 
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those skilled in the art. Thus, the relative positions of 
the DNA fragments resulting from the separation procedure 
are maintained. 

The next step involves the detection of the various 
categories of sizes of the fragments or, alternatively, the 
detection of a fragment of a particular size. The latter 
may be of particular interest because it is a genetic 
marker associated with increased litter size. In either 
case, the preferred technique is the use of a hybridization 
probe. Such a probe is an oligonucleotide or 
polynucleotide that is sufficiently complimentary or 
homologous to the fragments to hybridize with them, forming 
probe- fragment complexes. Preferably, the probe is a cDNA 
probe. The oligonucleotide or polynucleotide is labeled 
with a detectable entity. This permits the detection of 
the restriction fragments, to which the probes are 
hybridized. The probes are labeled by standard labeling 
techniques, such as with a radiolabel, enzyme label, 
fluorescent label, biotin-avidin label, and the like. 

In the present invention, a cDNA for the human 
estrogen receptor gene is used as the polynucleotide of the 
probe. Preferably, the detectable moiety is 32 P or biotin- 
avidin. The inventors have discovered that this probe is 
sufficiently homologous to the pig estrogen receptor gene 
to bind to it and to the various fragments produced by 
restriction endonucleases . However, other substantially 
equivalent probes can be determined by those skilled in the 
art, given the teachings contained herein. As used herein, 
a probe that is "substantially equivalent" to the human 
estrogen receptor gene probe is one that hybridizes to the 
same polymorphic fragments of digests of the pig estrogen 
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receptor gene as does the human estrogen receptor gene 
probe when the same restriction enzyme is used. For 
example, particular fragments that are associated with pig 
litter size can be sequenced by known techniques, and 
synthetic probes can be prepared, also by known techniques. 

In the preferred method, the probes are contacted 
with th< nylon membrane that contains the restriction 
fragments for a sufficient period of time and under 
appropriate hybridizing conditions for the probes to 
hybridize to the fragments. The filter is then preferably 
washed to remove unbound probes and other unwanted 
materials • 

The probe- fragment complexes, which are bound to 
the filter, are then detected by known techniques. For 
example, if the probe has been radioactively labeled ( 32 P) , 
detection involves contacting the nylon membrane paper with 
a piece of radiosensitive film. Following an appropriate 
exposure period, the fragments of interest, including 
control fragments, are visualized. 

The detection step provides a pattern, resulting 
from the separation of the fragments by size. Comparison 
of these fragments with control fragments of known size 
that have also been run on the same gel permits the 
estimation of the size of the various groups of fragments. 
The various polymorphisms in the pig estrogen receptor gene 
are then determined by comparison of the patterns produced 
by similar analysis of DNA from a number of different pigs. 
For some of the individual pigs, the patterns will differ 
from the usual pattern produced by most of the other pigs. 
This will be due to one or more restriction fragment length 
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polymorphisms, i.e., restriction fragments of a different 
length produced by the endonuclease that cuts the pig 
estrogen receptor gene. This indicates different base pair 
sequences in such pigs. 

Once a particular RFLP has been identified, i.e., a 
restriction fragment of a particular length, a probe to 
this fragment may be constructed by the use of known 
techniques. This permits alternative and faster formats 
for detecting such polymorphism. For example, once the DNA 
is digested, a sandwich hybridization format can be used. 
Such an assay is disclosed in U.S. Patents 4,486,539 issued 
December 4, 1984 to Ranki, et al., and 4,536,419 issued 
January 7, 1986 to Ranki, et al-, both of which are 
incorporated herein by reference. The sample is brought 
into contact with a capture probe that is immobilized on a 
solid carrier. The probe binds the fragment. The carrier 
is then washed, and a labeled detection probe is added. 
After additional washing, the detection probe is detected, 
thereby demonstrating the presence of the desired fragment. 

Once the RFLP pattern has been determined or a 
particular polymorphic fragment has been determined, it is 
compared to a second, known RFLP pattern or fragment that 
is correlated with increased litter size. This second 
pattern or fragment has also been determined from the pig 
estrogen receptor gene, using the same restriction 
endonuclease as the first and the same probe or an 
equivalent thereof. 

In an alternative embodiment of the invention, the 
restriction fragments can be detected by solution 
hybridization- In this technique, the fragments are first 
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hybridized with the probe and then separated. The 
separated probe-fragment complexes are then detected by 
detecting the detectable moiety in the probe as discussed 
above. Generally, such complexes are detected on the gel 
without transfer to filter paper. 

Although the above methods are described in terms 
of the use of a single restriction enzyme and a single 
probe, the methods are not so limited . One or more 
additional restriction enzymes and/or probes can be used, 
if desired. Additional enzymes, breeds, and constructed 
probes can be determined through routine experimentation. 

Genetic markers for pig litter size are determined 
as follows. Male and female pigs of the same breed or 
breed cross or derived from similar genetic lineages are 
mated. The number of offspring produced by each female pig 
is determined. RFLP analysis of the parental DNA is 
conducted as discussed above in order to determine 
polymorphisms in the estrogen receptor gene of each pig. 
The polymorphisms are associated with the number of 
offspring. At least 20 and preferably at least 40 female 
pigs are used in making these determinations. The number 
of times each female produces a litter (i.e., the parity) 
is at least 1 time. Preferably, the cycle of breeding and 
giving birth is repeated at least 2 times and most 
preferably 3 times. The preferred breeds of pigs are 
Meishan, Fengjing, Minzhu, Duroc, Hampshire, Landrace, 
Large White, Yorkshire, Spotted Poland China, Berkshire, 
Poland China, and Chester White. The most preferred breeds 
are Duroc, Hampshire, landrace, Large White, Yorkshire, and 
Chester White. When this analysis is conducted for the 
Meishan breed and the polymorphism is determined by RFLP 
analysis using the 
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restriction endonuclease Pvu II, a 4.3 kilobase fragment is 
associated with increased litter size. 

The reagents suitable for applying the methods of 
the invention may be packaged into convenient kits. The 
kits provide the necessary materials , packaged into 
suitable containers. Preferably, the containers are also 
supports useful in performing the assay. At a minimum, the 
kit contains a reagent that identifies a polymorphism in 
the pig estrogen receptor gene that is associated with an 
increased litter size. Preferably, the reagent is a probe 
that hybridizes with the pig estrogen receptor gene or 
fragments thereof. Preferably, both the probe and a 
restriction enzyme that cleaves the pig estrogen receptor 
gene in at least one place are included in the kit. In a 
particularly preferred embodiment of the invention, the 
probe comprises the human estrogen receptor gene, a pig 
estrogen receptor gene, or a gene fragment that has been 
labelled with a detectable entity and the restriction 
enzyme comprises Pvu II. Preferably, the kit further 
comprises additional means, such as reagents, for detecting 
or measuring the detectable entity or providing a control. 
Other reagents used for hybridization, prehybridization, 
DNA extraction, etc. may also be included, if desired. 

The methods and materials of the invention may also 
be used more generally to evaluate pig DNA, genetically 
type individual pigs, and detect genetic differences in 
pigs. In particular, a sample of pig genomic DNA may be 
evaluated by reference to one or more controls. RFLP 
analysis is performed with respect to the pig estrogen 
receptor gene, and the results are compared with a control. 
The control is the results of a RFLP analysis of the pig 
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estrogen receptor gene of a different pig. Similarly, a 
pig may be genetically typed by obtaining a sample of its 
genomic DNA, conducting RFLP analysis of the estrogen 
receptor gene in the DNA, and comparing the results with a 
control* Again, the control is the results of RFLP 
analysis of the estrogen receptor gene of a different pig. 
Finally, genetic differences among pigs can be detected by 
obtaining samples of the genomic DNA from at least two 
pigs, identifying the presence or absence of polymorphism 
in the estrogen receptor gene, and comparing the results. 

These assays are useful for identifying genetic 
markers relating to litter size, as discussed above, for 
identifying other polymorphisms in the estrogen receptor 
gene that may be correlated with other characteristics, and 
for the general scientific analysis of pig genotypes and 
phenotypes • 

It is to be understood that the application of the 
teachings of the present invention to a specific problem or 
environment will be within the capabilities of one having 
ordinary skill in the art in light of the teachings 
contained herein. The examples of the products and 
processes of the present invention appear in the following 
examples . 
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EXAMPLE 1 

Genetic Marker for Increased Litter Size in Keishan Pigs 
Materials and Methods 

The procedures for detecting the restriction 
fragment length polymorphisms (RFLPs) were as follows. Ten 
ml of sterile blood were obtained from each pig* Isolation 
of genomic DNA was then performed from white blood cells, 
followed by digestion by Pvu II restriction endonuclease, 
Southern blotting, and hybridization with the estrogen 
receptor gene probe as outlined in Flanagan et al., 
TTmrninn genetics 27:465-469 (1988), incorporated herein by 
reference. Molecular sizes of the restriction fragments 
were determined by comparison with molecular size markers 
for Hind III cut lambda DNA restriction fragments run in 
parallel on the hybridization gels. The estrogen receptor 
probe was a L3 kb probe from the estrogen receptor gene 
isolated from humans (locus ESR) that was obtained from The 
American Tissue Culture Collection NIH repository of Human 
and Mouse DNA Probes (ATCC No. 57681) and labeled with 32 P. 

Results 

Using the human estrogen receptor gene as a probe, 
we have used RFLP analysis on Chinese, American, and NIH 
miniature pigs to detect genetic differences for the 
homologous estrogen receptor locus in the pig. Our results 
reveal that there are at least four fragments that are 
polymorphic in the pig. These fragments are at 3.7, 4.3, 
5.0, and 7.7 kb. 
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Further, we investigated whether the polymorphic 
restriction fragment patternr vere related to litter size 
in our original 22 Meishan females. See Table 1. Based on 
our results, having the 4.3 kb fragment seems to increase 
the litter size, while not having the 4.3 kb seems to be a 
disadvantage. These data indicate that we have found a 
gene marker for litter size in Meishan pigs. 

Table 1. Means and standard errors of litter size in 

Meishan females by parity and estrogen receptor 
fragment. 



Parity 



Fragments 



3 



With 
4.3 kb 



NB 12.7 ± .84 
NBA 12.4 +..81 
K 7 



14.2 ± 1.16 
12.8 ± .92 
5 



16.3 ± .33 
15.0 ± 1.53 
3 



Without 
4.3 kb 



NB 11.4 + .71 
NBA 10.9 ± .65 
N 14 



11.4 ± 1.31 
10.2 ± 1.17 
11 



13.5 ± 1.84 
13.3 ± 1.79 
4 



KB = Number Born, NBA = Number Born Alive, N ~ Number of litters 
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WE CLAIM: 

1. A method of screening pigs to determine those 
more likely to produce larger litters comprising the steps 
of: 

obtaining a sample of genomic DNA from a pig; and 

determining the presence or absence of a 
polymorphism in the estrogen receptor gene associated with 
increased litter size. 

2. The method of claim 1 wherein said 
polymorphism is a restriction fragment length polymorphism 
(RFLP) • 

3. The method of claim 2 wherein said step of 
identifying the presence or absence of said RFLP comprises 
the steps of: 

digesting said genomic DMA with a restriction 
endonuclease that cleaves the pig estrogen receptor gene in 
at least one place; 

separating the fragments obtained from said 
digestion; 

detecting said fragments with a probe capable of 
hybridizing to said fragments, thereby generating a 
restriction pattern; and 



comparing said pattern with a second RFLP pattern 
for the pig estrogen receptor gene obtained by using said 
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restriction endonuclease and said probe or equivalent 
thereof, wherein said second RFLP pattern is associated 
with increased litter size. 

4. The method of claim 3 wherein said restriction 
endonuclease is Pvu II. 

5. The method of claim 3 wherein said separation 
is by gel electrophoresis. 

6. The method of claim 3 wherein said probe is 
the human estrogen receptor gene or a substantial 
equivalent thereof , said gene or substantial equivalent 
being labeled with a detectable entity. 

7. The method of claim 3 wherein said step of 
comparing said restriction patterns comprises identifying 
specific fragments by size and comparing the sizes of said 
fragments . 

8. The method of claim 3 further comprising the 
step of amplifying the amount of said pig estrogen receptor 
gene prior to said digestion step. 

9. The method of claim 2 wherein said step of 
identifying the presence or absence of said RFLP comprises 
the steps of: 

adding to said sample a restriction enzyme that 
cleaves the pig estrogen receptor gene into fragments; and 

detecting the different sizes of said fragments. 
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10. The method of claim 9 wherein said step of 
detecting the different sizes of said fragments comprises 
the steps of: 

separating said fragments by size using gel 
electrophoresis in the presence of a control DNA fragment 
of known size; 

contacting said separated fragments with a probe 
that hybridizes with said fragments to form probe-fragment 
complexes ; and 

determining the size of the separated fragments by 
detecting the presence of the probe-fragment complexes and 
determining their relative positions with respect to said 
control DNA fragment* 

11. The method of claim 2 wherein said step of 
identifying the presence or absence of said RFUP comprises 
the steps of; 

adding to said sample a restriction enzyme that 
cleaves the pig estrogen receptor gene into fragments; and 

determining the presence or absence of a DNA 
fragment of known size, 

12. The method of claim 11 wherein said step of 
"determining the presence or absence of said DNA fragment of 

known size comprises the steps of: 
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contacting said sample with a probe that hybridizes 
with said DNA fragment of known size to form probe- fragment 
complexes ; and 

detecting the presence or absence of said 
complexes . 

13. A method for identifying a genetic marker for 
pig litter size comprising the steps of: 

breeding male and female pigs of the same breed or 
breed cross or derived from similar genetic lineages; 

determining the number of offspring produced by 
each female pig; 

determining the polymorphism in the estrogen 
receptor gene of each pig; and 

associating said number of offspring with said 
polymorphism . 

14. The method of claim 13 wherein said 
polymorphism is determined by RFLP analysis. 

15. The method of claim 13 wherein said breed is 
selected from the group consisting of Meishan, Fengjing, 
Minzhu, Duroc, Hampshire, Landrace, Large White, Yorkshire, 
and Chester White. 

16. The method of claim 15 wherein said breed is 
Meishan and said polymorphism is determined by RFLP 
analysis. 
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17. The method of claim 16 wherein said RFIiP 
analysis comprises digestion of genomic DNA with the 
restriction endonuclease Pvu II. 

18. The method of claim 17 wherein said RFLP 
analysis produces a 4.3 kilobase fragment correlated with 
increased litter size. 

19. A method for evaluating a sample of pig 
genomic DNA by reference Lo a control comprising the steps 
of: 

conducting a RFiLP analysis of the pig estrogen 
receptor gene; and 

comparing the results of said analysis with said 
control, wherein said control comprises the results of a 
RFUP analysis of the pig estrogen receptor gene of a 
different pig from the pig that provided the sample of 
genomic DNA. 

20. A method of genetically typing a pig 
comprising the steps of: 

obtaining a sample of genomic DNA from said pig; 

conducting RFLP analysis of the estrogen receptor 
gene in said DNA; and 

comparing the results of said analysis with a 
control, wherein said control comprises the results of a 
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RFLP analysis of the estrogen receptor gene of a different 

pig* 

21. A method of detecting genetic differences 
among pigs comprising the steps of: 

obtaining samples of genomic DNA from at least two 

pigs; 

identifying the presence or absence of a 
polymorphism in the estrogen receptor gene in said samples; 
and 

comparing the results of said identification step. 

22. The method of claim 21 wherein said step of 
identifying the presence or absence of a polymorphism 
comprises conducting RFI*P analysis of said estrogen 
receptor gene. 

23. The genetic marker identified by the method of 
claim 13. 

24. A genetic marker for increased litter size in 
pigs comprising the 4.3 kilobase restriction fragment 
obtained by digesting DNA isolated from said pigs with the 
restriction endonuclease Pvu II. 

25. A kit for evaluating a sample of pig DNA 
comprising r in a container, a reagent that identifies 
polymorphism in the pig estrogen receptor gene. 
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26. The kit of claim 25 wherein said reagent is a 
probe that hybridizes with the pig estrogen receptor gene 
or fragments thereof. 

27. The kit of claim 26 wherein said probe 
comprises the human estrogen receptor gene or equivalent 
thereof labeled with a detectable moiety. 

28. The kit of claim 25 further comprising a 
restriction enzyme that cleaves the pig estrogen receptor 
gene in at least one place. 

29. The kit of claim 28 further comprising means 
for detecting said probe. 



30. The kit of claim 29 further comprising control 

means. 
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Dear Patent Business Customer: 

The United States Patent and Trademark Office (USPTO) has begun testing the use of image technology to 
replace paper processing of patent applications. You have the opportunity to be involved with a historic 
prototype that is testing this electronic processing of patent applications within three art units (1634, 2827 and 
2834) and the Office of Initial Patent Examination (OIPE). 

What will be tested during the prototype? 

In the prototype, the paper document contents of pending applications assigned to the three participating art 
units will be scanned into electronic image files. All processing and examination will be performed with the 
resulting electronic files during the prototype. 

How will applicants be affected? 

The attached information sheet details two process changes: 



Amendments should be submitted in a special format. Specifically, a new complete claim set with 

changes marked in strikeouts and underlining should be submitted. No clean copy of the amended 

claims is necessary. Please see the OG Notice of 12/17/02 

(http://www.uspto.gov/web/offices/com/sol/og/2002/week51/patimag.htm.) 

US patent and US published application references will not be mailed with Office actions. 

These references are available free of change on our website. 

Applicants are requested to use elDS for submission of any IDS. For assistance with elDS, you may 
contact the Patent Electronic Business Center (toll free at (866) 217-9197). 



What are the official files? 

During the prototype, the Office will maintain in a central location the original papers that constitute the 
official file. Over the next few months, the Office will be taking steps to have the electronic file deemed the 
official file. 

How long will the prototype last? 

It is expected that the prototype program will incrementally migrate into a production system, with the goal of 
eliminating paper patent applications files by early summer. 

Want more information or to provide feedback? 

For more information on the prototype or to provide feedback, please contact : 
Search and Information Resources Administration at image.processing@uspto. gov 

Through your participation, USPTO will have an opportunity to test the electronic processing of patent 
applications and meet its goal of delivering high quality products through implementation of electronic patent 
processing by the end of 2004. Thank you for your support for this exciting activity and for helping the 
USPTO achieve its goal of providing better service through e-Government. 
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The United States Patent and Trademark Office (USPTO) is currently conducting a prototype of electronic application 
processing and examination in Art Units 1634, 2827, and 2834. To facilitate the prototype, the following changes in 
format for Amendments and/or Responses filed in those Art Units are requested. 

Requested Format of Amendments and Responses during the prototype . 

Each section of an Amendment and/or Response (e.g., Claim Amendments, Specification Amendments, Remarks) 
should begin on a separate sheet to facilitate separate indexing and scanning of the document. For example, in an 
Amendment containing a.) introductory comments, b.) amendments to the claims, c.) amendments to the 
specification, and d.) remarks, each of these sections should begin on a separate sheet. For each amendment filed in 
Art Units 1634, 2827, and 2834, the requirement to provide two sets of claims (a clean version and a marked up 
version), as set forth in 37 CFR 1.121(c), will be waived where the following format is employed. 

Each amendment that includes a change to an existing claim, or submission of a new claim shall be made by 
submitting a summary document with the status of all claims and the text of all pending claims as follows: 

(1) The status of all of the claims in the application, including any previously canceled or withdrawn claims, must 
be summarized in each amendment document. Status is indicated by a parenthetical expression following the 
claim number (e.g. (original), (currently amended), (previously amended), (canceled), (withdrawn), or (new)). 
The text of all pending claims must be submitted each time any claim is amended. Canceled and withdrawn 
claims may be indicated by only the claim number and status. 

(2) All claims being currently amended must be submitted with markings to indicate the changes that have been 
made. The changes in any amended claim may be shown by strikethrough (for deleted matter) or underlining 
(for added matter), or by any equivalent marking system. 

(3) The text of pending claims not being amended must be presented in each amendment document in clean 
version, i.e., without any markings. Any claim presented in clean version will constitute an assertion that it 
has not been changed relative to the immediate prior version. 

(4) A claim may be canceled by merely providing an instruction to cancel. Any claims added by amendment 
must be indicated as (new). 

(5) All of the claims in each amendment paper must be presented in ascending numerical order. Consecutive 
canceled or withdrawn claims may be aggregated into one statement (e.g. Claims 1 - 5 (canceled)). 

Amendments to the specification are performed in the conventional manner (37 CFR 1.121(b)). 

Patent Copies 

Additionally, applicants and practitioners will nd longer be required to provide copies of U.S. Patents and Published 
U.S. Patent Applications cited in any Information Disclosure Statement (IDS) submitted to the USPTO during the 
prototype and in applications assigned to the three art units. It is requested that elDSs be used to file all IDS papers for 
applications before the prototype Art Units. Similarly, during the prototype, copies of U.S. Patents and Published U.S. 
Patent Applications cited by an examiner during prosecution of an application will not be provided to applicants in 
Office actions from these Art Units. These documents are available from the USPTO web site, www.uspto.gov for 
free download. Cited foreign patents and published applications and non-patent literature will be mailed by 
conventional processing. 

The above requested new format and procedures are applicable during the prototype only to applications 
assigned to Art Units 1634, 2827, and 2834 . Any questions regarding these requirements may be directed to 
image.processing@uspto.gov or one of the Supervisory Patent Examiners of these Art Units 1634 - 
Gary. Jone s@uspto. gov : 2827 - Dave.TaIbott@uspto.gov or 2834 - Nestor.Ramirez@uspto.gov . 
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Example: 

Claims 1-5 (canceled) (Note: consecutive canceled or withdrawn claims may be aggregated) 
Claim 6 (withdrawn) 

Claim 7 (previously amended): A bucket with a handle. 

Claim 8 (currently amended): A bucket with a green blue handle. 

Claim 9 (withdrawn) 

Claim 10 (original): A bucket with a wooden handle. 
Claim 1 1 : (new): A bucket with plastic sides and bottom. 
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